International Journal of Emerging Trends in Computer Science and Information Technology
ISSN: 3050-9246 | https://doi.org/10.63282/3050-9246.1JETCSIT-V512P118
*Q 9* Eureka Vision Publication | Volume 5, Issue 2, 164-173, 2024

Original Article

A Study of How Real-Time Feedback Loops Are Used in
DevOps Through Smarter CI/CD Pipeline Technigues

Sridhar Reddy Bandaru?, Dhuli Shyam?, Prabu Manoharan®, Muzaffer Hussain Syed*, Uday Kumar Ragireddy®, Prasanth Varma Addepalli®
!Discover Financial Services, Application Architect for Al/ ML Platforms.

2Business Application, IT, Nagase Holdings America Corp, Manager, Application & Software Development, NYC, NY.

3Information Technology, Bourns Inc, HRIS Manager, California, USA.

“Director of IT Projects & Programs, Powersys Inc.

5Sr Technical Program Manager, Vdrive IT Solutions, Inc, Richardson, Texas.

8Lead Data Architect/ Engineer, Federal Motor Carrier Safety Administration, Atlanta, Georgia.

Abstract - The fast delivery of software and growing complexity of systems have rendered old Dev ops practices inadequate to
enhance reliability, quality and operational efficiency. The absence of timely feedback between the processes of development
and operations is a frequent cause of late detection of the issue and a reactive solution to the problem. This paper provides a
detailed analysis of the application of real-time feedback loops to improve the DevOps processes based on smarter CI/CD
pipeline methods. The paper discusses the underlying concepts of DevOps architecture, the concepts of CI/CD, and how
continuous monitoring, observability, and automated feedback reduce feedback cycles. It focuses on the fact that telemetry of
builds, testing, deployments, and runtime environments is required to facilitate the early detection of defects, performance
optimization, and quicker incident response. Other automation tools, including Git, Jenkins, Docker, and monitoring
platforms, have also been mentioned in the work when it comes to facilitating continuous feedbacks. Besides, new Al- and ML-
based analytics of intelligent feedback are considered. The results may be used to prove that real-time feedback loops are
effective in enhancing the quality of software, the reliability of deployments, and the release pace in contemporary DevOps
setups.
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1. Introduction

The adoption of cloud computing has completely changed the way organizations do DevOps as it offers a scalable, on-
demand infrastructure enabling organizations to automate and deliver smooth CI/CD pipelines. Development and operations are
combined in the DevOps concept, which aims to improve collaboration and shorten the time required for software deployment.
These goals have been fastened with the help of cloud computing [1] that is integrated into DevOps by providing virtualized
infrastructure, containerization, and microservices architecture. The phrase "DevOps" often refers to the new professional
development that facilitates a cooperative working relationship between IT and improvement activities, leading to a quick flow
of planned work (i.e., high convey rates) while also improving the creative environment's security, flexibility, stability, and
dependability. It might be acknowledged that "DevOps" combines development and operational responsibilities [2]. However,
DevOps has nothing to do with grouping traditional tasks under one umbrella. Alternatively, DevOps may be a set of standards
and techniques that lead to better programming across the SDLC life cycle. Programming conveyance disciplines have distinct
boundaries to provide consistent updates that speed up advertising while improving quality.

Historically, IT operations and software development were two distinct entities, which resulted in the lack of effectiveness
in communication, slow deployment cycles, and high chances of failure of the deployment. The developers specialized in
writing the code and providing new features [3], and the operations teams were in charge of deployment, monitoring and
maintaining infrastructure. This insulated model often led to the increasing development time, inconsistency in configuration
and reactionary instead of proactive solutions to issues. DevOps real-time feedback loops are essential in ensuring rapid, reliable
and continuous improvement throughout the software delivering lifecycle. These feedback mechanisms enable the teams to
identify defects, performance regressions, and security problems at an early stage by continuously gathering and analyzing the
data in development, testing, deployment, and production environments [4]. Automated testing pipeline telemetry, application
monitoring, log analytics, and user behavior telemetry are used to give feedback to development decisions and to view
remediation faster and prioritize better. The implementation of real-time feedback loops that provide shared view of the
deployment outcomes and development and operations teams' ability to collaborate can be aided by system health.
Consequently, organizations are able to decrease release cycles, decrease downtimes, enhance software quality, and also react
better to evolving business and operational needs.

Artificial intelligence and Machine learning are becoming more and more significant to facilitate intelligent feedback loops
in real-time in DevOps environments. With the incorporation of Al- and ML-based [5] analytics into the CI/CD pipelines [6],
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the constant feedback of the build, testing, deployment, and runtime stages can be used to identify anomalies, anticipate failures,
and improve the performance of pipeline to perform an optimization task. These feedback systems are data-driven to facilitate
automated decision-making, quick-er issue resolution, and a more reliable software delivery and, therefore, increase the overall
efficiency and flexibility of current DevOps practices.

1.1. Structure of the Paper

The paper is structured as follows: Section Il describes the Architecture of DevOps Pipelines. Section Ill describes the
Feedback Loops used in DevOps. Section IV talks about the tools used in DevOps pipelines. Section V is a review of the
relevant literature and Section V1 is the conclusion and future directions.

2. Devops and CI/CD Pipeline Architecture

DevOps/CI/CD pipeline architecture is a base of contemporary software delivery, which unites the operations and
development through work processes of automation and continuousness as shown in Figure 1. This architecture integrates the
version control systems, automated [7] building and testing tools, deployment infrastructures and monitoring platforms to
facilitate the smooth integration of the code and quick release cycles. These elements are managed by CI/CD pipelines [8] to
offer stability in building, early defects, and stable deployments to various environments. The DevOps-focused pipeline
architectures enable rapid feedback, better cooperation and scalable software delivery by ensuring a constant visibility and
automation of the software lifecycle.
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Figure 1. DevOps Pipelines

2.1. DevOps Architectural Foundations

DevOps (Development and Operations) is a collection of continuous delivery techniques designed to reduce delivery time,
boost delivery efficiency, and shorten release intervals without sacrificing software quality. It blends operations, quality control,
and software development [9]. Combining the tasks typically carried out by the development teams, quality assurance teams, and
operations teams, DevOps comprises a collection of actions from the development process (plan, produce, verify, package) and
the operational process (release, configure, monitor). The system's architecture must be designed with an agile emphasis in order
to implement DevOps methods, and one of the best architectural styles to handle these requirements is the microservice
architectural style.

2.1.1. Core Principles of DevOps

DevOps is founded on many ideas that emphasize breaking down silos and accelerating software delivery, safer by way of
ownership in common and continuous improvement. The common principles are close cross-functional teamwork, fitness of
high automation (build, test, release) [10], measurements and constant monitoring, and quick feedback to enhance quality of
products and reliability in operations. These principles are largely discussed as reinforcing one another: the better collaboration
is established, the more automation can be adopted, and the measurement and monitoring establish the evidence-based on the
continuous optimization and learning cycles.

2.1.2. Evolution of Software Delivery Architectures

Designs of software delivery have developed out of tightly coupled monolithic system designs to service oriented and
microservice designs to facilitate rapid release cycles and independent deployment. Scalability, resiliency, and speed of
propagating changes are the key factors that drive this shift, which are directly aligned with the CI/CD and DevOps operating
models. In general, microservices, and in some cases, in particular [11], allow teams to release smaller units more often, but also
provide new risks including service coordination, contract evolution, and operational complexity as well as, disciplined delivery
pipelines and runtime observability is imperative.
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2.1.3. Toolchains and Platform Integration

Contemporary DevOps systems are based on toolchains combining source control, build, test automation, artifact
repository, deployment orchestration and monitoring/observability into a Delivery platform. The proper integration minimizes
handoff as well as manual processes, enhances traceability along the pipeline, and allows continuous feedback with the help of
measures and logs at every stage. Studies of continual practices emphasize that the choice of tools and interoperability are the
primary areas of implementation focus; organizations tend to assemble numerous autonomous tools in an end-to-end pipeline,
the quality of which integration directly correlates with lead time, reliability, and scalability of scaling CI/CD adoption across
teams.

2.2. DevOps Practices

The pillars of the contemporary DevOps-based software delivery methodology are Continuous Integration (ClI), Continuous
Delivery (CD), and Continuous Deployment (CDE). Cl is concerned with the commonplace nature of the introduction of change
to a common repository with the aid of automatic builds and tests to identify defects at the beginning stages. CD goes beyond
this and takes into consideration that validated code is always ready to deploy by automated packaging, configuration and
staging processes. CDE also goes one step further by undertaking automated deployment of changes to the production without
human intervention after all the quality checks have been met. Together, Cl, CD and CDE facilitate quicker feedback cycles,
less deployment danger, better software quality and efficient and dependable launches in ever-changing development setting.

2.2.1. Continuous Integration (CI)

It is a well-known development approach in the software development industry where team members often integrate and
combine development efforts, for example, many times a day. Continuous integration may help software companies improve
software quality, boost team productivity, and have more frequent and shorter release cycles. Software is developed and tested
automatically as part of this process [12]. Figure 2 illustrates how an automated build and testing procedure is started each time a
developer makes changes. The process helps to make sure that the new changes made do not struggle with the current code
hence avoiding integration mistakes. In the absence of Cl, the code that was done by other team members might be extremely
unsynchronized, which eventually impact quality and performance.

INTEGRATE

CODE SOURCE CONTROL RELEASE
Figure 2. Continuous Integration Flow
2.2.2. Continuous Delivery (CD)

Continuous delivery, or CD, is a software engineering methodology in which teams build, test, and release software in brief
cycles. Its foundation is the automation of each stage, which ensures a quick and reliable cycle. It installs and distributes
software to a production-like environment automatically using a set of procedures. The CD is essentially a software development
method that automates the distribution of modifications made by an application developer to the container registry or code
repository. Figure 3 shows how the modifications are automatically reviewed for errors.
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Figure 3. Continuous Delivery Flow
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2.2.3. Continuous Deployment (CDE)

Continuous deployment is a method of software engineering that includes testing, validating, and pushing small software
changes to production environments. View Figure 4. Deployments may take place hours after the program was first modified
[12]. Most businesses use some kind of agile software development, which began in the late 1990s, is the main advancement that

has made continuous deployment possible and inspiring.

Table | compares the main DevOps methodologies, such as Continuous Integration, Continuous Delivery, and Continuous
Deployment, indicating their goals, automation degree, frequency of the releases, and advantages in providing faster feedback,
better software quality, as well as reliable and automated software delivery pipelines

Table 1 .Comparative Overview of Devops Practices

Aspect

Continuous Integration (CI)

Continuous Delivery (CD)

Continuous Deployment (CDE)

Definition

A development methodology that
regularly incorporates code
modifications into a common
repository with automated build and
testing.

A method that uses automated
build, test, and release
procedures to guarantee software
is always in a deployable
condition.

An sophisticated procedure in
which all verified code changes are
automatically put into production
without the need for human
interaction.

Primary
Objective

Early identification of code
conflicts and integration problems.

Reliable and consistent
preparation of software releases.

Rapid and fully automated release
of software to end users.

Automation
Level

Automated build and
unit/integration testing.

Automation across build, test,
packaging, and staging
environments.

Full automation from code commit
to production deployment.

Release
Frequency

Frequent internal integrations
(multiple times per day).

Frequent releases on demand
(manual approval for
production).

Continuous releases triggered
automatically after validation.

Human
Intervention

Required for deployment decisions.

Required for final production
deployment approval.

No manual intervention once
quality checks are passed.

Key Benefits

Improves code quality, reduces
integration conflicts, increases
developer productivity.

Ensures software reliability,
reduces deployment risks,
accelerates release readiness.

Enables fastest feedback loops,
minimizes time-to-market, and
supports rapid innovation.

Typical
Tools

Git, Jenkins, GitHub Actions,
automated test frameworks.

Cl tools + artifact repositories,
container registries, staging
environments.

CI/CD tools + automated
deployment orchestration and
monitoring systems.

Research
Support

Emphasized as a core DevOps
practice for quality improvement
(Kessel & Atkinson, 2018).

Widely adopted for reliable
release management in DevOps
pipelines.

Motivated by agile development
and automation trends (Savor et al.,
2016).

3. Real-Time Feedback Loops In Devops

In order to reduce the feedback loop and coordinate the objectives of the development and IT operations departments,
DevOps is a collection of practices that promote communication between software developers and IT operations. DevOps
reflects greater empowerment of people rather than processes, the necessity of automation in the development of quality metrics,
the development of new software, and the cultivation of a sharing culture [13]. To successfully use the reduced feedback loop
that created by the application of this lean software development and Devops techniques, Atlassian has put a strategy in place to
track the behaviour of customers using a data analytics platform. By knowing the way their customers use their software
products, Atlassian can modify what they write about the software in accordance to the actions of their customers and avoid
wastage and inventory reduction see Figure 4.
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Figure 4. Feedback Loops in DevOps
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3.1. Continuous Monitoring and Observability and Techniques

There are two DevOps component techniques that enable real-time monitoring of system behavior, application performance,
and infrastructure health: monitoring and observability. Through persistent metric gathering, logs, and traces, teams are able to
know how the systems perform under different workloads [14] and also identify anomalies early in the process. Observability
goes better than traditional monitoring as it allows seeing more information about the root causes of failures and performance
degradation. All of these practices contribute to a proactive issue identification process, quicker response to issues, and
information-driven decision-making, which are vital elements to an efficient real-time feedback loop in DevOps settings.

3.1.1. Performance Monitoring

It may take thousands of machines and several services to perform a single global search query. Furthermore, users who do
online searches are susceptible to delays, which can be brought on by subsystem performance issues. Even if an engineer merely
looks at the total delay, they might be able to determine that there is an issue, but they might not be able to determine which
service is at fault or why [15]. First, the engineer might not know exactly which services are being used; new services and
components might be introduced and changed every week to enhance performance or security or to offer features that are visible
to users. Second, since each service is developed and maintained by a separate team, the engineer not be an authority on its
internal workings. Third, since several clients may share machines and services at the same time, a performance artifact might
result from the actions of another application.

3.1.2. Log Analysis

The first step in log analysis is log parsing, which transforms unstructured log information into organized events. As seen in
the sample below, an unstructured log message often includes a variety of system runtime data: verbosity level (which indicates
the degree of severity of an event, such as INFO), and timestamp (which documents the moment an event occurred) [16], and
content of the raw message (free-text explanation of a service action). Log processing has historically relied significantly on
regular expressions, which developers manually create and maintain.

3.2. Automated Feedback for Continuous Improvement

Continuous improvement requires automated feedback which is a core DevOps approach that enables quick learning and
adaptable system enhancement. DevOps teams can use a combination of automated testing, screening awareness, code quality
analysis, and deployment information as part of CI/CD pipelines to obtain instant feedback on the modifications to the code, the
system performance, and the stability of operations [17]. This stream of constant feedback enables the teams to detect defects,
performance bottlenecks, and configuration problems very fast, thus minimizing the mean time to detect and recover.
Furthermore, automated feedback helps to make informed decisions using the data to connect a development activity with an
operational one, creating a culture of constant optimization, reliability, and small steps toward improvement throughout the
software lifecycle.

3.2.1. Pipeline Feedback

This is also known as pipeline feedback, which is the automated and constant information flow at each phase of the build,
test, integrate, and deploy phases of the CI/CD pipeline. Pipeline feedback gives developers an early warning about problems in
the development lifecycle by delivering real-time feedback on code quality, code test failures, security issues, and deployment
status. This fast feedback process minimizes the occurrence of rework, increases the quality of software and shortens the
delivery time by making sure that only the tested and sound code makes it through the pipeline and as such, helps in the
continuous improvement and quicker delivery process.

3.2.2. Incident Response

Incident response in DevOps aims at detecting, analyzing, and resolving system failures in real time based on monitoring
and alert tools. Quick reaction to operational disturbances, reduced downtime, and restoring services efficiently are possible by
use of automated alerts, runbooks, and post-incident analysis, which allow teams to respond to any operational disturbance. The
feedback collected during and after incidents like root cause analysis and postmortems aids in sustaining continuous learning
and refinement of the processes and assists organizations to increase resilience on their systems, diminish the occurrence of
failure, and improve the overall service reliability.

4. Devops Tools for Automation in CI/CD Pipelines

DevOps tools are essential towards facilitating automation by promoting CI/CD pipelines for continuous integration,
delivery, and deployment. Version control systems are used to control code changes and run automated processes, whereas Cl
tools are used to build and test to guarantee quality of the code. Containerization and orchestration platforms can be used to
deploy applications and services across environments in a consistent and scaled fashion, and Monitoring tools can provide up-to-
date data on the system's and application's performance. The combination of these tools is an integrated automation ecosystem
that minimizes human intervention, speeds the pace of release, and enhances real-time feedback in the delivery of software
through DevOps.
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4.1. Git Version Control

The version control system of Git enables us to have an easy time tracking changes and versions of various files. may Git as
a unique database/repository of snapshots (versions) of files at various times. The version control systems are particularly handy
with software development, since most of the files desire to be aware of are source code files [18]. As the source code files are
simply text files, version control systems can comprehend modifications that occur to specific file during different versions. This
lets easily roll back to any point in the project history recorded, or just examine what the project or any file looked like at some
time. This makes version control systems an excellent backup tool even though this was not their original purpose.

4.2. Docker

The process for creating Linux containers is called Docker. Although Docker is a virtualization technique built on a Docker
engine, it is not based on containers [19]. In virtual machines, hypervisor is employed and in Docker, which is used to operate a
number of software applications in the same machine. All of them are executed in a dedicated environment referred to as
container.

4.3. Container

A program, associated dependencies, libraries, and other components required to run the application comprise the full
runtime environment that makes up a container. All this is put into a single package [20]. Containerization of an application
solves the contingency between the infrastructure and the application. Docker is one of the most popular software vendors that
enables us to construct and package the application and be ready to deploy it.

4.4. Jenkins

Jenkins is a free and open-source automation server that may be used to automate continuous integration and delivery
(CI1/CD). Plugins allow it to expand its capabilities and automate the development, testing, and deployment of several languages
and technologies [21]. This improves efficiency and dependability by enabling autonomous code development, testing, and
deployment. The open-source community supports Jenkins, one of the most crucial technologies for CI/CD automation.

4.5. VAGRANT

Vagrant is a software development environment builder and maintainer that has a portable character. It is similar to isolating
projects dependencies and configuration but leaves projects alone without interfering with the tools that application is using. The
same configuration would easily give similar environments on other machines.

5. Literature Review

The reviewed literature indicated that current DevOps practices can improve the delivery of software and reliability of the
system using automation, continuous feedback, and scalable CI/CD patterns. Nevertheless, issues associated with scale adoption,
interoperation with legacy and heterogeneous systems, resistance on the part of the organization, and empirical validation are
research opportunities.

Gupta, Venkatachalapathy and Jeberla (2019) have discussed their experiences converting the technical environment into
lightweight tools and converting a typical scrum team into a DevOps team. An essential component of this journey has been the
writers' experiences as architects, project managers, and quality managers. As a result of these approaches, processes and
procedures have stabilized to the point that many product versions have been issued in a single year. continuous delivery and
DevOps principles are being adopted by the other business divisions [22].

Demchenko et al. (2019) provided a brief overview of the commonly used Definitions, concepts, models, and tools related
to DevOps, with a focus on cloud-based tools for software development, deployment, and operation that facilitate the core
DevOps principles of continuous improvement and development—two things that are critical for modern, agile, data-driven
enterprises [23].

Nogueira et al. (2018) suggested a novel double feedback loop control method for the quality of software processes and
products may be improved by using ML techniques as tools to acquire insight into tactics. In instance, defect proneness
prediction might be considered an active area of study. According to DevOps principles, Teams may operate in an agile manner
with quick communication, decision-making, and problem-solving when they receive timely feedback, which helps firms boost
their economic value [24].

Cruz and Albuqguerque (2018) have enhanced the development process's input, allowing issues to be found and fixed as
soon as feasible. Additionally, they provided an example of DevOps deployment and suggested a methodical approach to
DevOps deployment and the modifications needed for legacy systems to guarantee that their delivery process has a short and
high-quality lifespan, releasing frequent versions in an automated way [25].
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Asghar et al. (2017) demonstrated that thinner RF spectra across the largest delay range are produced by a symmetric dual
loop with a slightly offset outer cavity and a fully resonant inner cavity. Compared to single loop feedback, symmetric dual loop
feedback frequently lowers RF linewidth and timing jitter over a far wider range of delay phases. Dual loop feedback's resonant
conditions are almost independent of delay, which makes it perfect for real-world applications where resilience and
misalignment tolerance are crucial [26].

Kamuto and Langerman (2017) investigated the obstacles to DevOps adoption and suggests ways to overcome them
through a review of the literature and conversations with professionals who are actively engaged in the DevOps movement. The
adoption of DevOps is hampered by five primary factors: inadequate DevOps training and a lack of strategic direction from
upper management; the possibility of role disintermediation; reluctance to change; and a silo mindset. A suggested conceptual
framework has been created to plan the implementation of DevOps [27].

Rajkumar et al. (2016) discovered the importance of DevOps and attempts to investigate the process of switching from a
traditional approach and the effects of the move on software scale out and overall design. The organizational structure must be

drastically altered in order to shift from a legacy to an agile mindset. Adopting such a culture takes a variety of approaches and
levels of effort[28].

The study on DevOps adoption and feedback-driven CI/CD processes is briefly summarized in Table 11, displaying their
methodology, main results, and shortcomings. The literature demonstrates the unquestionable advantages in the speed of
delivery and the quality of the software, but there are still organizational change and complexity of the system issues. The future
work consists of scaling, automated and smart feedback

Table 2. Summary of Prior Studies on DevOps Adoption, Feedback Loops, and Continuous Delivery Practices

Reference

Study on Approach Key Findings Challenges / Future
Limitations Directions
Gupta, Transformation | Practitioner-driven Successful Cultural and Wider
Venkatachalapathy of traditional experience using stabilization of process organizational
and Jeberla (2019) Scrum teams to lightweight processes enabled transformation adoption of
DevOps DevOps tools multiple product effort required continuous
releases per year; across teams delivery and

practices adopted
by other business
units

DevOps practices

Demchenko et al.
(2019)

DevOps concepts
and cloud-based
tools

Conceptual review
of DevOps
definitions,

models, and tools

Cloud-based
DevOps tools
strongly support
continuous
development and
improvement for
agile, data-driven
enterprises

Lacks empirical
validation across
real-world
deployments

Deeper empirical
studies on tool
effectiveness in

large-scale cloud

environments

comparison to
single-loop devices.

Nogueira et al. Feedback loops Double feedback Fast feedback Complexity of Advanced ML-
(2018) in DevOps using loop control improves software integrating ML driven feedback
machine learning | scheme with ML process quality, into DevOps mechanisms for
techniques defect prediction, workflows predictive quality
and agile decision- assurance
making
Cruz and DevOps Structured DevOps Early problem Adapting Refinement of
Albuquerque (2018) deployment in deployment detection and DevOps to DevOps
legacy systems process with frequent, legacy frameworks
adaptations for automated, high- architectures is tailored for
legacy quality releases non-trivial heterogeneous
environments achieved legacy systems
Asghar et al. (2017) Dual-loop Analysis of RF linewidth and Domain-specific Application of
feedback systems | symmetric dual- timing jitter are applicability robust feedback
loop feedback greatly decreased outside software models in other
through by dual-loop DevOps engineering and
experimentation feedback in control systems
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Kamuto and Barriers to Literature review Identified five key Absence of Strategic
Langerman (2017) | DevOps adoption and practitioner organizational and managerial frameworks for
interviews cultural barriers to support and scalable DevOps
DevOps adoption opposition to adoption
reform
Rajkumar et al. DevOps Exploratory Successful DevOps | High effort and Development of
(2016) transformation analysis of adoption requires complexity structured
from legacy organizational and major cultural and | during transition migration
systems architectural architectural phase strategies from
change transformation legacy to agile
DevOps models

6. Conclusion and Future Work

Increasingly demanding faster, reliable and scalable software delivery has stressed the importance of effective feedback
mechanisms in DevOps practices. The model of silo-based development that used to be used previously cannot be used to deal
with dynamic deployment environment. This paper has examined how real-time feedback loops can be used to make DevOps
more robust by making CI/CD pipelines smarter. The research demonstrates that ongoing monitoring, automation of tests,
pipeline feedback, and incident response altogether make it possible to detect and fix faults early, perform the necessary repair
quickly, and provide continuous enhancement. The development and operations teams collaborate better thanks to DevOps
technologies and automated workflow integration, which also reduce deployment risks and downtime. Also, the discussion
mentions the further enhancement of feedback intelligence and decision-making by Al-enabled and ML-enabled analytics.
Altogether, this paper ends with the conclusion that real-time feedback loops are a key facilitator of high-quality, resilient, and
efficient software delivery in contemporary DevOps-based systems.

Further studies may be aimed at applying more sophisticated Al- based and ML-based feedback to predictive failure and
self-healing CI/CD pipelines. It also needs large-scale empirical verification on heterogeneous and legacy environments.
Furthermore, security-conscious feedback loops and explainable analytics can also be investigated to increase the level of trust,
scalability, and automation in up-to-date DevOps ecosystem.
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