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Abstract

Containerization, orchestration, and Cl/CD are the key tenets of the contemporary DevOps practices that allow
organizations to be agile, scalable, and release software on a regular basis. Containerization packages up
applications and dependency packages, and these are small and lightweight packages, which can be guaranteed to
work in an environment that is both more heterogeneous and also in supporting microservices-based architecture.
Apache Mesos, Kubernetes and Docker Swarm are orchestration systems, which simplify how to structure distributed
applications in a multi-cloud and hybrid environment. The systems offer computerized multi-faceted operations such
as deployment, scaling, networking and fault tolerance. The combination of these technologies and CI/CD pipelines
automates the software development, testing, and deployment and makes the release processes faster and avoids the
possibility of human error. Containerization, orchestration, and continuous integration/continuous delivery (Cl/CD)
ensure improved efficiency, quality, and resilience of cloud-native systems and enable operations and development
teams to cooperate and make the delivery process seamless. It is a survey that generalizes what the different scholars
have accomplished in the previous few years and opens up a multifaceted outlook of these technologies and the
manner in which they help in the development of the modern software engineering practices, and this offers a glimpse

of responsible and receptive DevOps ecosystems.
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1. Introduction

DevOps has greatly affected the dynamic software
development industry as it has made the software
delivery process quicker and more reliable because it
bridges the gap between the development and the
operations. Containerization, orchestration, and
continuous integration/continuous delivery (CI/CD)
are some of the critical elements incorporated in the
modern DevOps ecosystem that assist organizations in
attaining their objectives of scalability and agility [1].
The application development, deployment, and
maintenance processes are being shaken by new
technology such as containerization, orchestration, and
continuous integration/continuous delivery (CI/CD) to
make it more efficient, consistent, and flexible in this
constantly changing world.

Containerization has brought about change in
package applications that are the wrapping software
along with its dependencies in lightweight, portable
containers, which can be executed in the same manner
in any environment.
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Containers and their concern are on resource efficiency
enabling cloud providers to spin containers and make
it a perfect fit fast Microservices based architecture [2].
The containerized method is applied to streamline
deployment of applications to maximum levels; it
minimizes the possibility of environment-to-
environment conflicts, and can be horizontally scaled,
which is exactly the essence of the DevOps practices.
Orchestration frameworks such as Kubernetes,
Docker Swarm and Apache Mesos are essential in
handling the complexity explosion that arises when
handling a system of containers [3]. Orchestration
frameworks: This one automates such processes as-
deployment, scaling, networking, and fault tolerance.
Resiliency and workload portability in multi-cloud or
hybrid infrastructures can also be achieved through
orchestration [4]. Multi-cloud or hybrid infrastructures
have relevance to their resiliency and workload
portability because applications reliable and scalable,
even though the underlying systems are different.
Orchestration has since been a part of DevOps pipeline.
DevOps also relies heavily on CI/CD pipelines, which
automate the processes of application development,
testing, and deployment. By automating and
continuously validating feedback and validation, CI/CD
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pipelines not only decrease human error but also
provide software with a consistent degree of quality
[5][6]. CI/CD correctly applied in conjunction with
containerization and orchestration can provide either
software delivery that is both agile and stable. CI/CD
and containerization IaC follows them, providing the
automatization of infrastructure provisioning, and
infrastructure configuration is directly part of
development process.

The fact remains that there are also improvements,
yet interoperability, security, and performance
optimization becomes a prominent problem [7]. To
address these problems, long-term research into the
potential to apply scalable orchestration methods,
devops practice standardization, intelligent automation
of CI/CD pipeline is very important to overcome them.
This survey has given a integrated image of the concept
of containerization, orchestration and CI/CD
integration in DevOps, their functions, interactions and
how they processed in the future in developing the
software of tomorrow.

Structure of the Paper

The outline of the paper is as follows: In the second I,
cover the basics of devops, which are essential in
today's software development. In Section III, go over
devops containerization and orchestration. Cover
devops is covered in Section IV. Section V - summarize
vital results, problems, and suggested future research.
Lastly, in Section VI, give some considerate
recommendations.

Fundamentals of Devops in Modern Software
Development

DevOps has emerged as a disruptive approach in
contemporary software engineering as a result of the
increasing complexity of the environment and the
necessity for more dependable and quicker software
production. Devops method presupposes that the
developers and the operations specialists are able to
work on the same team throughout the software
development life cycle, promoting the teamwork ethos
and shared ownership. DevOps are based on the
concepts of automation, feedback loops, CI/CD. These
ideas are supported with tools and technology that
accelerates the code development process to
production using automated testing, code deployment
and monitoring of performance. Multiple trending
technologies such as Ansible, Docker, Kubernetes, and
Jenkins facilitate particular processes of automation
and assist with dependency management [8]. The
following features can be achieved in this DevOps
framework:

The DevOps methodology is very compatible with
the Agile and Lean methodologies.

Agile software development, from which DevOps
sprang, emphasizes teamwork between stakeholders

including clients, product managers, developers, and
(sometimes) quality assurance in order to identify and
address product gaps through fast iteration.

"DevOps" refers to the practice of applying Agile
concepts to the whole service, not just "the code.”

Practices and Principles of DevOps

Continuous Integration (CI) and Continuous Delivery

(€D)

CI is the process of integrating and testing of new
changes in the code, which is continually repeated in a
shared repository. With the help of CI/CD practices,
development teams able to automatize the process of
building and executing tests on other branches every
time any code is pushed to a common repository. This
practice greatly reduces integration errors and
improves the software delivery rate. CI/CD also
automates manual  processes, which allows
organizations to release new releases with the fewest
defects and much shorter turnaround times.

Infrastructure as Code (I1aC)

[aaS simplifies the management and provisioning of
infrastructure because it removes the manual
configuration and configuration files take its place. This
will provide scalability and consistency in testing,
production, and development environments which
helps to reduce the possibility of human error [9]. [aaS
and Devops promote collaboration through the
exchange of infrastructure specification. By suggest
that [aC practices contribute to consistency in the
cloud, particularly large-scale DevOps adoption.

Automated Testing

Automated testing is all about the most successful
DevOps. It suggests code that has been -carefully
reviewed in all levels of the development life cycle to
make sure that bugs are not allowed to get to
production phase. It saves time spent on the manual
testing as well as it guarantees the quality of the
product during the SDLC process.

Key benefits of DevOps

These are few of the key benefits of DevOps. There,
that being said, it can proceed to the details:

Improved Collaboration and Communication

DevOps leads to formation of decent working
relationship and contact and this alters the
organizational dynamics. It also makes the work easier
since it breaks the silos existing between the
operations and the development department and other
departments [10]. This synergy also ensures
transparency and cooperation between cross-
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functional teams instant

communication.

and transparency and

Accelerated Development Cycle and faster time to
market

The broadest definition of DevOps is the capacity to
shorten the development cycle. Due to the automation
of the development process, promotion of continuous
integration, and deployment, it also uses less time than
the development, testing, and deployment technique.
Along with improving efficiency, releasing items at a
faster rate ensures that consumers' requests are met
sooner, giving businesses a competitive advantage.

Enhanced Quality and Reliability of Software

CI/CD is one of the most important elements of the
DevOps, with software excellence, but not speed as its
priority. Automated and continuous testing, as well as
the process of continual improvements, are also part of
its rigorous quality control procedure. Client loyalty
and trust are enhanced, software stability is increased,
and the user experience is enhanced as a result.

Automations

The main goal of DevOps is to eliminate manual,
repetitive processes. As a result of automations, teams
have more time and energy to devote to initiatives that
need strategic thinking and innovation. Among other

benefits, this DevOps feature allows for the
simplification of code deployment, configuration
management, and infrastructure  provisioning

processes, leading to increased efficiency, decreased
error rates, and more consistent and dependable
outcomes.

Challenges in Adopting DevOps

Although it comes with its benefits, some challenges to
its adoption in modern software development are
experienced, which the organization must solve to
achieve its full potential [11].

Organizational Resistance and Cultural Barrier

DevOps is incompatible with  conventional,
compartmentalized organizational structures because
of its emphasis on teamwork between developers and
operations professionals. Resistance occurs when
teams are not willing to alter established workflows,
lose control or they do not trust shared
responsibilities.

Skills Gap and Training Requirements

DevOps implementation needs the knowledge of
automation, containerization, cloud computing, CI/CD
systems, and security measures. There are numerous
companies that cannot find the professionals who have

such a range of skills. Teams may not effectively adopt
modern tools and practices without appropriate
training and the continuous learning programs.

Toolchain Complexity and Integration Issue

The DevOps ecosystem offers a wide variety of tools for
automated development, testing, deployment, and
monitoring, as well as version control. There is also a
still existing problem of the incorrect selection of tools
depending on the requirements of the organization.

Security and Compliance Concern

DevOps accelerates software delivery and thus
becomes difficult to ensure security and compliance to
regulations. The systems may be exposed to dangers
because of container images, insecure settings, and
absence of good access controls. In addition, the
adherence to the industry standards (including GDPR,
HIPAA, or PCI-DSS) implies that security checks are to
be integrated into CI/CD pipelines, commonly known
as DevSecOps, which further complicates the matter.

Containerization and Orchestration in Devops

Containerization is one of the game changer
technologies in the DevOps world since it delivers
software in an efficient and fast manner. Simply put,
containerization involves securing an application,
including all its dependencies, libraries, and settings,
and wrapping them into one lightweight and portable
package known as a container [12]. This ensures that
there is a consistent running of applications operating
in various environments in one of the most widespread
problems in Devops that is environment inconsistency
between development and testing and production.
When integrated into a DevOps pipeline, containers
work well with CI/CD, which stands for CI/CD.
Published in 2013, Docker was the earliest tool of
containerization to become popular, and the list of
containerization tools has since multiplied at a steady
rate, with options like Pod man, LXC, and CRI-O.

Evolution of Containerization

Containerization A process of building and operating
software in which applications and their dependencies
are bundle together as self-bounded systems called
containers [9] These containers are a lightweight,
isolated executable environment which guarantees
uniformity and system-to-system mobility. The
application code, runtime environment, libraries, and
dependencies are safely contained within containers,
allowing for their execution on any containerized
infrastructure. This approach has a number of
strengths, such as:

Containers can operate on a great variety of
operating systems and infrastructure platform such as
Linux, Windows, and cloud environments. They contain
all the necessary elements which give an opportunity
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to easily relocate applications between the
development environment, testing, and production
environment.

Containers are efficient because they share the
kernel with the host computer, which reduces resource
consumption. They boot quicker, and the footprint is
less compared with other traditional virtual machines,
meaning that they can be easily used to harness
infrastructure resources.

The programs and their dependencies are
separated by containers, and no changes in a container
can affect the change in the other containers. This
isolation enhances security, stability and fault
tolerance, as it reduces the conflict and the extent of
effect of failure.

Scalability: Containers can be easily horizontally
scaled by executing numerous copies of a similar
containerized program. Container orchestration
technologies are capable of automating through which
the scaling can be accomplished allowing the
applications to effectively manage the increased traffic
and demand.

Containerization encourages the use of agile
development because it allows developers to work
within a consistent and repeatable environment.
Containers shorten development cycles, simplify
deployment, and alleviate the process of setting up
development environments.

Security and Resource Management Challenges in
Containerization

Container security management is an important issue
because  vulnerabilities can affect usability,
performance and service delivery. The issues were
cross cutting across different phases of container
development, deployment and execution.

Container Image Phase: Suspicious or malicious
container images may grant access to malicious code
into the system and thus become security threats. In
addition, failure to perform or do inadequate
vulnerability scans exposes containers to the threat of
stealing data in the form of stolen credentials and
exploitable security vulnerabilities.

Container Host Phase: Container security is
compromised because of insecure host settings and
lack of proper resource isolation. Host fatigue, data
breaches, buffer overflows, and attacker unauthorized
access can all result from hosts that provide escalated
access rights.

Intra-Container Phase: The common weaknesses at
this level are weak isolation between containers and
poorly configured environments. Such vulnerabilities
may enable the attackers to access the systems without
authorization, which result in DoS attacks or total
system breakdowns. Improper scaling further
increases the risk by exhausting system resources
Networking and Orchestration Phase: Insecure
communication between containers or with external
systems is a significant challenge. Misconfigured
orchestration settings can create privileged networks,

granting attackers control over nodes, while poor
segregation of networks can expose sensitive data to
interception.

Runtime Phase: Running development and production
environments together increases the attack surface
during runtime. Misconfigurations at this stage can
lead to instability, degraded performance, and service
delivery issues, making the container environment
more vulnerable to exploitation.

Key Container Technologies (Docker, Podman, LXC)

There are some key contrainer technologies like
Docker, Podman and LXC are explains below[13]:

Docker

Popularity: The Docker platform is among the most
popular options for containerization.

Ecosystem and Community: Features an extensive
community and ecosystem that offers a plethora of
resources, including tools and support.

Portability: Docker containers are portable and may
operate on any hardware or operating system.

Docker Hub: Anyone may utilize Docker Hub, a public
registry, to exchange container images.

Tooling: Docker Swarm, Docker Compose, and other
tools are all part of the package.

Learning Curve: Perfect for newcomers and smaller
projects because to its low learning curve and ease of
usage.

Podman

Daemonless: Podman differs significantly from Docker

in that it does not use a daemon to operate containers.

Rootless: Enhances security by enabling the running of

containers without root capabilities.

Compatibility: Docker commands can be substituted

with Podman commands, as Podman is CLI compatible

with Docker.

Scaling and Orchestration: Lacks inherent clustering

capabilities; however, it can integrate with Kubernetes.

LXC/LXD

Linux Containers (LXC): Lightweight VMs (LXCs) are

more similar to OS virtualization at the system level.

LXD: The LXC container manager that prioritizes ease

of usage.

OS Level Virtualization: Provides a complete Linux

environment, complete with filesystem, networking,

and commands.

Performance: Virtual machines often have lower

overhead than containers created using Docker.

1. Bioenergy refers to electricity and gas that is
generated from organic matter,

2. known as biomass. This can be anything from plant
and timber to agriculture and food

3. waste and even sewage. Bioenergy includes the
production of fuel from organic matter as

4. well. Energy from biomass can be used for
electricity, heating, and transportation, and
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5. can be replenished anywhere. Around seventy-
five percent of the world's renewable

6. energy is composed of biomass energy due to its
potential and wide use [7]. Also, it is

7. carbon-neutral, meaning that it adds no net carbon
dioxide to the atmosphere. In addition,

8. it reduces the level of trash in the ground by as
much as 90 percent by burning solid

9. waste. Biomass fuels, on the other hand, are not
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10. deforestation. They are also less efficient than
fossil fuels. But proper management and

11. planning of its disadvantages will improve its
potential.

12. Bioenergy refers to electricity and gas that is
generated from organic matter,

13. known as biomass. This can be anything from plant
and timber to agriculture and food

14. waste and even sewage. Bioenergy includes the
production of fuel from organic matter as

15. well. Energy from biomass can be used for
electricity, heating, and transportation, and

16. can be replenished anywhere. Around seventy-
five percent of the world's renewable

17. energy is composed of biomass energy due to its
potential and wide use [7]. Also, it is

18. carbon-neutral, meaning that it adds no net carbon
dioxide to the atmosphere. In addition,

19. it reduces the level of trash in the ground by as
much as 90 percent by burning solid

20. waste. Biomass fuels, on the other hand, are not
completely clean and can also cause

21. deforestation. They are also less efficient than
fossil fuels. But proper management and
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Orchestration in DevOps

Orchestration in DevOps is the practice of managing
the entire containerized application life cycle of a
distributed system. Orchestration automates the
coordination, deployment, management, scaling,
etc.[14]. of a number of containers as unit of
microservices so that reliability, availability, and
performance is abstracted in modern applications. As
microservices architectures and cloud-native systems
develop, orchestration is a key mechanism for tying
CI/CD pipelines together in a DevOps practice. Out of
other orchestrators, Kubernetes is the most dominated
platform for orchestration in DevOps, allowing
capabilities like self-healing, load balancing, rolling
updates, and auto-scaling. Other frameworks exist like
Docker Swarm, Apache Mesos, and Hashi Corp Nomad,
offering their own versions of orchestration that are
dependent on simplicity, flexibility, or resource-
efficiencies. These tools enable complex workloads to
be managed by DevOps teams according to deployment
targets spanning hybrid and multi-cloud
configurations.

Need for Container Orchestration

Despite cloud service providers managing a growing
variety of activities, whether complex, heterogeneous
workloads can be orchestrated in large-scale cloud
computing systems is still unknown [15]. Heuristic
policies implemented by container orchestrators on
older cloud systems fail to account for the wide range
of workload scenarios or quality of service
requirements. These items have the following major
drawbacks:

The majority of these rules are offline-configured
static heuristic techniques that are scale-limited and
tailored to certain workload circumstances. As an
example, threshold-based autoscaling techniques are
limited to handling a specific set of workloads that
have been previously determined. Extremely dynamic
workloads, where applications require on-the-fly
scaling in response to unique patterns of behaviour,
are outside the scope of these principles.

Heuristic methods may not work as well as they
formerly did when the system expands. Problems in
allocating resources and scheduling jobs are common
applications of bin-packing algorithms like best fit and
least fit. However, such approaches may not work well
in large-scale computing clusters due to high task

scheduling delays.
Applications that are co-located sometimes
overlook issues like resource congestion and

performance interference. Applications running in
close proximity to one another increase the risk of
resource contention, which in turn increases the
likelihood of performance degradation, increased
maintenance expenses, and service level agreement
(SLA) breaches.

Kubernetes: Features and Architecture

Open-source container orchestration project K8s
makes it easier to deploy, manage, and autoscale
container-based application operations and services. A
K8s cluster has both master and worker nodes, as seen
in Figure 1. The smallest unit in K8s that contains one
or more containers is called a pod, and applications
operate in pods [16]. The master node is responsible
for managing the KB8s cluster and should be
troubleshooting capable. There are four main
components that are required: a Kkube-controller
manager, a kube-apiserver, a kube-scheduler, and etcd.
Each part of the master node has a specific role, which
are detailed below:

etcd: A K8s cluster relies on this for its data storage
needs. With the exception of application data, it
records every cluster event.

Kube-scheduler: This is in charge of determining
which node is optimal for launching a new pod. Pod
resource requests, node resource availability, and
affinity and anti-affinity policies are some of the factors
considered while choosing an appropriate node.
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Kube-apiserver: The kubectl command-line tool
allows an administrator to interface with a K8s cluster
using kube-apiserver. Additionally, kube-apiserver
connects to worker nodes so that the kubelet and
kube-proxy tools may manage pod operations.
kube-controller-manager: This loop is essential for
the cluster's monitoring. In order to keep the cluster in
a near-ideal state, kube-controller-manager keeps an
eye on its present status and makes adjustments to its
resources as needed.
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Fig.1 Kubernetes Architecture

Orchestration for Microservices and Cloud-Native
Workloads

Multi-cloud and hybrid cloud architectures have taken
center stage in modern DevOps practices, enabling
enterprises more flexibility and velocity along with
better cost efficiency and resilience. Hybrid cloud
architectures integrate public and private cloud
infrastructure, while multi-cloud techniques leverage
several cloud providers' services [17]. Orchestration is
an integral part of managing complex and distributed
systems by providing automation and abstraction and
unified control. Kubernetes, Docker Swarm, and
Apache Mesos are orchestration tools that simplify the
process of deploying, scaling, and monitoring
distributed applications across different
infrastructures. By utilizing orchestration, the service
complexity unique to each cloud provider can be
abstracted, thus providing a level of assurance that
workloads are portable and interoperable across
multiple environments. In hybrid architectures,
orchestration may also aid in establishing a secure link
between on-premises and cloud systems, which is
crucial for achieving and maintaining application
performance goals, meeting regulatory requirements,
and remaining compliant.

CI/CD Integration in DEVOPS

The Agile Manifesto [18] lays out the fundamental
principles of agile methodology, which include: putting
people and their interactions first rather than
processes and tools, putting working software first

rather than detailed documentation, putting customer
collaboration first rather than contract negotiation, and
putting adapting to change ahead of planning ahead.
"Satisfy the customer through early and continuous
delivery of valuable software" is delivered in
accordance with the principles of agile development.
When CI and CD, which enhanced CI's features, were
combined to create the CICD pipeline, agile processes
became more efficient and productive.

Impact of CI/CD on Software Development Lifecycle

CI/CD has far-reaching effects on software
development since it influences several stages of the
process and enhances software quality. These are some
of the key impacts to consider [19]:

Improved code quality: CI/CD incorporates testing to
a large extent. Any CI/CD system must be reliable in
the testing process. To fulfill this goal, CI/CD demands
that the testing process must possess the ability to
identify the bugs present in the code as early as
possible up to the point when it goes to the production
phase. Such strict practice provides quality and
reliability of codes as opposed to the traditional
methods.

Early Issue Identification: Continuous integration is
very beneficial in detecting the problem at its early
stages. It can do this by testing regularly and
combining all the code changes with one another and
this makes it easier to trace when and where an error
had been made.

Faster deployment cycles: CI/CD shortens
development cycles and code release times by
automating several steps in the development process,
including code creation, testing, and implementation.
Increased Productivity: Developers may spend less
time on tedious manual tasks and more time actually
writing code thanks to automation, which doesn't
require any human interaction.

Better feedback loops: Feedback and dependencies
on new features are received faster with changes being
automatically promoted to various environments. That
allows the developers to resolve such issues as soon as
possible.

Current Trends in C1/CD Tooling

CI and CD technology has undergone a dramatic shift to
meet the demands of more dependable and speedy
software delivery [20]. Since the implementation of the
DevOps practices in the organizations is a process, that
is still ongoing, the following key tendencies in the
sphere of CI/CD tooling have been introduced, such as
the contemporary issues of development and the
improvement of the automation rates. These
tendencies are discussed in the section, and the
academic materials published prior to May 2022 favor
them.

Shift to Cloud-Native CI/CD: One of the current trends
in the CI/CD tooling is the shift to cloud-native. Cloud-
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native CI / CD products are designed in such a way that
they leverage the features that cloud infrastructure
offers in the context of scalability, flexibility and
resilience. Tools such as Github actions, GitLab CI and
CircleCI are provided as part of a series of cloud based
services that eliminate the prospect of having the build
servers installed in premises and allow organizations
to expand their pipelines with ease.

Emphasis on Security and Compliance: The
frequency and sophistication of the cyber-attacks on
the CI/CD pipelines have been growing, and this has
rendered security to be a vital issue. Advanced CI/CD
technologies are incorporating advanced security
functions to ensure that the software delivery process
is safe. The CI/CD processes currently feature such
functionalities as automatic security checks and
vulnerability checks.

Integration with DevSecOps Practices: DevSecOps is
the rise of security feature in the DevOps process.
CI/CD tools are also changing to include DevSecOps
through the integration of security checks into all parts
of the pipeline. Reduced risk factors and improved
software quality are the results of integration's early
detection and fixing of security flaws.

Rise of Low-Code and No-Code CI/CD Solutions:
Code-light and code-free in recent years, there has
been a proliferation of CI/CD solutions aimed at
making the process more accessible and democratizing
it. These tools offer graphical interface and easy to use
tools that enable users to create and orchestrate CI/CD
pipelines without the need to write large amounts of
code.

Cl/CD Toolchains
There are some tools of CI/CD are as follows:
Jenkins

Jenkins is an excellent product for continuous
integration and delivery that is open-source and built
on the Java platform. Jenkins is ideal for individuals
just starting out in software development because to
its intuitive interface and easy installation procedure
[21]. Jenkins eliminates a lot of tedious configuration
work by making a number of plugins available for
quick and easy addition.

GitLab CI

The Git framework is the foundation upon which the
open-source web-based VMS Gitlab is created. In
addition, it offers capabilities like continuous
integration and delivery pipelines. There is no way to
install any more plugins because all of the
configuration takes place on the pipeline itself.

GitHub

One method for the continuous deployment of cloud-
native apps is the GitOps methodology, which is also

called Github Operations. Instead of the more common
push method, it relies on a pull method of delivery [22].
The core principle of GitOps is taking advantage of the
Git repository, which stores all the details on the
production environment's infrastructure.

Literature of Review

The literature reviewed offers insights into
containerization, orchestration, and CI/CD integration
within DevOps, emphasizing evolving frameworks,
performance and security challenges, while outlining
future directions to enhance scalability, automation,
and effective adoption across diverse development
environments.

Zhou et al. (2022) A cloud container is more

portable and has a lower volume. Containers would
also gain from orchestrators that make large-scale
container deployment and maintenance easier. The
majority of cloud systems, in contrast to HPC systems,
really use advanced container orchestration
techniques. However, in the most recent developments,
there have been several suggestions for ways to make
container orchestration possible on HPC systems.
Containerization and  associated orchestration
solutions on HPC systems are surveyed and
taxonomized in this article. Cloud computing and high-
performance computing are contrasted. Finally, look
ahead to prospective research and engineering
opportunities while discussing the obstacles [23].
Garg et al. (2021) Software development and business
process acceleration may be achieved through the
usage of CI/CD in tandem with DevOps. Applying CI/CD
pipelines to an application that uses MLOps
components, however, presents a number of important
issues. To overcome these challenges, technology
pioneers in the field often turn to cloud providers for
specialized solutions. Greater insight into the processes
of MLOps and DevOps, not to mention the machine
learning lifecycle. Identify techniques and tools to
operate the CI/CD pipeline of the ML frameworks
under MLOps [22].

Brasoveanu et al. (2020) the performance appraisal
models, the frequency of the appraisals, the tools, and
the degree of details of the received performance
information. Based on the findings of the study, the
complexity of the performance engineering procedures
and technologies underlies the lack of performance
analysis application in DevOps, as many participants
representing different sectors were included.
According to the research, the performance analysis
tools should be easily integrated into the DevOps
pipeline with a little learning curve [24].

Truyen et al. (2019) the model-based methods
used, the frequency of carrying out performance
assessment, instruments, and the degree of specificity
in the information of performance obtained. In
accordance with the findings of the study, which was
summarized with a significant sample of the subjects
across a vast amount of industries, the complexity of
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performance engineering techniques and technologies
is guiding the idea that performance analysis is not
introduced with large-scale implementations in
DevOps. Studies established that it is eminent that the
tools of performance analysis can be easily
incorporated into the DevOps pipeline, and they have
low learning curve [25].

Al Jawarneh et al. (2019) Modern container-based
systems need sophisticated orchestration skills due to
the large number of microservices services they may
contain, each of which may have intricate relationships.
The scalability and ease of deployment of
microservices, however, were greatly facilitated by
container-based technologies. Docker Swarm,
Kubernetes, Apache Mesos, and Cattle are just a few of
the new container orchestration engines that have
emerged, but there isn't yet a comprehensive review of
their features and performance that IT managers can
use to pick the best one [26].

Buyya et al. (2018) a system for making cloud
container orchestration as efficient as possible. Elastic
virtual clusters may be built with the help of
autoscaling algorithms and policies for scheduling and
rescheduling resources. According to the suggested
architecture, client applications such as web services,
offline analytics activities, and backend pre-processing
operations can share a computing environment within
containers. Resource management algorithms and
policies may be designed to better use the available
virtual resources, meeting the resource needs of
diverse applications while minimizing the provider's
operational expenses [27].

Table I is a summary of important papers on
containerization, orchestration, and CI/CD integration
in DevOps, which summarize their methods, results,
issues, and future prospects, indicating the dynamism
of changes and the lack of research.

Table 1 Summary of a Study on Containerization, Orchestration, and CI/CD Integration DevOps in Modern
Software Development

Author Study On Approach Key Findings Challenges Future Directions
Containers are
Survey & lightweight and L1m1ted. Develop efficient
S taxonomy of portable; orchestration .
Containerization & S ; . orchestration models
Zhou et al,, L containerization orchestration support in HPC .
Orchestration in . o - for HPC; bridge gap
(2022) and orchestration enhances scalability; environments;
Cloud vs. HPC L . . . between Cloud and
strategies in HPC clear differences integration HPC container use
and Cloud between Cloud and complexity
HPC practices
CI/CD accelerates Difficulties in Improve tools for
Gargetal, C1/CD with DevOps Analytl_cal study of DevOps workﬂgws; ~ Mmanaging ML seamless CI/CD in
(2021) and MLODS CI/CD integration MLOps adds unique pipelines with CI/CD; MLOps; enhance
p in ML lifecycle challenges requiring dependency on cloud automation and
specialized tools providers standardization
Industry survey on l:"erformance analysis High learning curve Simplify pf:rformance
Brasoveanu Performance is valuable but rarely o . analysis tools;
. L performance of tools; difficulty in .
etal, Engineering in - adopted due to . . . integrate user-
evaluation . integration with . .
(2020) DevOps ractices complexity; need for ivelines friendly solutions
P lightweight tools pIp into DevOps
Container Comparative Frameworks Rapid evolution Provide standardized
Orchestration P continuously evolve; complicates benchmarks; long-
Truyen et feature study of . . :
Frameworks . each offers unique adoption; lack of term evaluations to
al, (2019) orchestration . .
(Docker Swarm, frameworks strengths for clear guidance for guide framework
Kubernetes, Mesos) distributed systems practitioners selection
Al Functional & Comparative study Containers support Managing large-scale Develop adva_mced
Performance . scalable . . . orchestration
Jawarneh of orchestration . . microservices with L
Assessment of microservices; . L strategies; improve
etal, . tools (Swarm, K8s, . . interdependencies is )
Orchestration orchestration engines tool selection
(2019) - Mesos, Cattle) - . complex -
Engines differ in performance guidance
Proposed Resource management Balancing efficiency | Refine scheduling and
Orchestration architecture for . nager with QoS autoscaling
Buyya et improves utilization, . . .
Framework for resource requirements; multi- algorithms; expand
al, (2018) ) . reduces cost, and .
Cloud Containers scheduling and - tenant resource support for diverse
; enhances elasticity .
autoscaling conflicts workload

Conclusion and Future Work

DevOps containers, orchestration and CI/CD have
greatly transformed the modern software development

by bringing about the agility, scalability and
operational efficiency. Containerization is also
transportable and predictable since it bundles

applications with their dependencies as lightweight
environments in which they can run in a graceful way

across a range of platforms. The models that roll out,
automate and control resources are the orchestration
models, as a result of which microservice-based
structures can be operated in complex multi-cloud and
hybrid structures. CI/CD pipelines are also conducive
to the work of DevOps as the processes of building,
testing and deployments are mechanized thereby
shortening the release process, enhancing the quality
of the code and is made possible to enable continuous
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feedback loops. The combination of these technologies
will give an ecosystem, which enhances the
communication and collaboration between the
operations and development team resulting in more
reliable and faster delivery of the software. Despite the
broad scale of the effects of the problems, the areas
that should be enhanced include interoperability
problems, maturity of automation, and integration of
security. Overall, the overlap between these practices
indicates a major shift in the direction to cloud-native
and automated practices as the basis of sustainable,
resilient, and future-intensive software engineering.
The additional directions are expected to be on Al-
based orchestration, predictive scaling and adaptive
CI/CD pipelines to have more automation. DevSecOps
integration, cross-cloud standardization, and simplified
tooling are also factors that should be researched so as
to enable scaled, secure and sustainable adoption of
DevOps in an increasingly heterogeneous environment.
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