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ABSTRACT: The present paper addresses the advantages of automation and DevOps as a hybrid to maintain databases
within the existing systems. It shows how such tools reduce the number of manual operations, increase reliability of the
work, and decrease the period of data work. The use of Artificial Intelligence and Machine Learning in enhancing
automation by means of smart tuning and testing is also discussed in the paper. The results indicate that DevOps assists
the teams to cooperate better and implement safe and rapid updates. There are also better security and compliance with
the help of automation. This paper demonstrates that databases become more efficient, stable, and prepared to face
challenges of cloud and data problems in the future through automation and DevOps.
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I. INTRODUCTION

The large data, rapid updates, and new technologies are making database management a complicated affair. Countries in
the traditional methods may not be speedy and accurate. DevOps and automation allow new means of dealing with
databases better. They permit automatic updates, testing, and collaboration between the developers and administrators.
SL and predicting are the processes to which Artificial Intelligence also contributes. The paper will examine the two
aspects of automation and DevOps in enhancing efficiency, decreasing errors, and raising the level of innovation in
database systems. It concentrates on their advantages, problems and the general effects in the contemporary data settings.

Il. RELATED WORKS
Automation in Database Management

Database management automation is now regarded as one of the most significant changes in the field of enterprise IT
and it has become even more key since the beginning of 2000s when the database regulation and maintenance practices
were more intricate and time-consuming [1].

Conventionally, database administration was done involving excessive use of manual monitoring, scripting and manual
execution of monotonous database administration, tuning and recovery procedures. As organizations started handling
large amounts of structured and unstructured data, this solution created inefficiencies, human-factor issues, and scaling
issues [1].

According to recent research, automation is not dedicated to the process of scheduling the backups or the performance
scripts, it involves the lifecycle management of the database, which also implies providing, updating the schema, version
control, compliance, and auditing. Enterprise database systems, mainly Oracle and others, have been the most successful
case of automation-based systems which have a low touch point by humans [1]. Through automation, databases can
autoscale the resources and keep performance limits as well as get faster at recovering failures.

Cloud-based structures and containerized systems have highly ensured that automation is fast in a modern architecture.
Containers such as Docker and Kubernetes enable orchestration and dynamic scaling of databases in Oracle Cloud, based
on oracle database services [1]. The automation structures currently guarantee compliance, implement data governance
policies, and automatically host auditable logs. With organizations abandoning pure cloud systems in favor of hybrid and
multi-cloud systems, these automation practices have become the focus of data reliability and regulatory compliance.
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Table 1 enumerates some of the important automation points that were identified in the literature.

Table 1. Key Automation Domains

Automation Task Outcome/Benefit
Backup and Recovery Reduces downtime
Performance Tuning Optimizes throughput
Schema Updates Ensures version control
Monitoring Proactive fault detection
Compliance Enforcement | Audit readiness

New challenges also come as preferred automation such as accuracy, access control and security management. Although
the self-managing systems minimize the number of human errors, they are also sensitive to the accuracy of the policy
and regular validation [1]. Therefore, the automation should be built with auto-feedback adjustment that can identify
anomalies which have control parameters in the system.

DevOps-Driven Database Management

DevOps has re-invented the definition of software and infrastructure delivery, with the focus on continuous integration,
increase, and cooperation among development and operations teams. When incorporated into databases, and commonly
referred to as Database DevOps (DBOps), the concepts can effectively fill this gap between ad-hoc database management
and the emerging agile delivery [2][7][10].

Bottlenecks with traditional Database management systems are prevalent when configuring a database by hand and the
time of depleting the system is due to lengthy deployment times which increases in direct proportion to the size of the
Oracle database [2]. Infrastructure-as-Code (laC), Continuous Integration/Continuous Deployment (CI/CD), and
automated orchestration pipelines are also solutions to this issue: DevOps integration solves this problem [7]. The use of
tools like Terraform, Ansible, Jenkins, and Liquibase are now considered to be at the center of database provisioning,
schema migrations, and compliance checks automation [2].

The empirical findings indicate that the deployment time on databases using DevOps is decreasing up to 5070 percent,
whereas the number of configuration errors is decreasing up to 75 percent [2]. Permanent observation and rollback will
also maintain the stability of the system and the recovery of faults, which enhance operational stability.

Table 2. Traditional vs. DevOps-Based Database Management

Parameter Traditional DBMS

Deployment Time | Long, manual setup

Error Rate High due to manual scripts
Monitoring Periodic/manual
Compliance Manual auditing

Recovery Reactive

DevOps introduction into database environments also facilitates a transition to being reactive and being proactive in the
management. 1aC also enables database configurations to be version-controllable and replicable such that there is
consistency among the development, testing, and production environments. In addition, database CI/CD contributes to
the fast schema evolution and automation of the testing process [3].

The interoperability of DBOps and cloud environments is a way to improve flexibility and agility. AWS CloudFormation,
Terraform, and Kubernetes are some of the tools used to simplify the process of making a multi-cloud deployment through
centralized monitoring [7]. There are still issues of complexity of integration, data security and balancing between the
requirements and the speed.
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Intelligent Automation

Although devops automation simplifies operations, the advent of artificial intelligence (Al) and machine learning (ML)
will set the automation on a predictive and adaptive mode. Machine learning algorithms are also used more in tuning,
testing and performance optimization [4][5][6].

ML-based automation is beneficial in continuous testing, which is an important part of DevOps. The old ways of test
automation involved human intervention in terms of test cases selection and prioritization. According to recent studies,
ML models are able to be trained with historical test outputs, learn prone locations in the code to the risk, as well as
automatically produce optimized test cases [4]. The outcome of this is that it enhances the detection of defects, test
execution time reduces as well as optimal utilization of the resources.

Table 3. Continuous Testing Metrics

Metric Traditional Automation

Test Case Generation | Manual

Test Prioritization Static

Execution Time High

Defect Detection Rate | Moderate

ML-based test prioritization used in real-life case studies resulted in the 30% reduction of testing time and the 20% defect
detection in testing [4]. Reinforcement learning methods were also demonstrable to dynamically optimize the execution
of the tests and achieve better performance in overall pipeline throughput by 25%.

OnlineTune is an ML-based system that has been very promising in performance tuning [5]. These systems are capable
of continuously changing in response to the changing workload, and with contextual Bayesian optimization, the
throughput is improved up to 14-165%, and also unsafe configurations by up to 90%. The model adaptively learns work
load behaviors and environmental modifications with tuning the database without adversely affecting the availability.

NoSQL optimisation with ML in Apache Cassandra brought up to 4 percent more throughput and a 43 percent decrease
in read latency [6]. These are but a few ways smart automation can be used to enhance DBOps and enable database
ecosystems, as they become self-adaptive, efficient, and resilient.

Future Trends in DBOps

Security is one of the issues of concern in automated and DevOps-based system. DevSecOps development represents an
idea of enhancing security throughout the pipeline instead of focusing on the post-deployment stage [8]. Continuous
security testing, compliance verification and vulnerability assessment are factors that can be integrated into CI/CD, as
they ensure that the database updates are agile and protective.

Studies refer to four primary areas of challenges in implementing DevSecOps, including People, Practices, Tools, and
Infrastructure [8]. The most commonly reported among these are those related to the tools, which are mainly attributed
to the growing use of automation. The security assessment and shift-left security are regarded as necessary in the process
of identifying problems early in the deployment cycle.

Table 4. Key Security Practices

Practice Outcome
Shift-left Security Detects vulnerabilities early
Continuous Security Testing Code and data integrity

Automated Compliance Scanning | Regulatory alignment

Secrets and Access Management | Prevents unauthorized access

The Al-powered innovations to automation, numerous-cloud coordination and increment of serverless database are
influencing what DBOps will become in the future [7]. Although principles of DevOps are being scaled to use machine
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learning applications and data pipelines, MLOps and AlOps are new continuations [9]. These paradigms combine the
concept of continuous delivery, real-time feedback, and automated monitoring which are used to manage not only
application code but also Al models and data-driven operations.

The implementation of GitOps approach, in which all the operational changes are tracked and versioned with the use of
Git will enable complete traceability and governance of database handling [3]. This helps in compliance auditing and roll
back mechanisms with minimal effort.

With the ongoing shift to Al-assisted DBOps in an organization, the upcoming systems will be based on predictive
analytics, anomalies, and orchestration based on policies. These trends are towards self-healing databases upon which
the performance and security problems are automatically identified, diagnosed and remedied by users.

According to the literature reviewed, it can be stated that the automation and DevOps are the building blocks to next
generation database management systems. Since the initial automation with Oracle [1] up to the modern CI/CD and laC
processes [2][3][7], the transformation is evident with the migration towards the course of full integration, adaptability,
and safety of the database ecosystems. The efficiency and performance as well as the system intelligence are higher with
the ML-driven optimization [4][5][6] and the compliance and risk reduction are also constant with DevSecOps [8].

As the data space expands to include the hybrid and multi-cloud systems, Al, security, and automation-based capabilities
of DBOps will be very innovative and work more resiliently. The automation and the DevOps, respectively, denote a
significant step to take on the way to providing a reliable, scalable, and intelligent database control of a modern business.

1. METHODOLOGY

The paper has adopted a qualitative research focus to value the contemporary change in the automation and DevOps
practice towards the contemporary database management. It does not need to measure its purpose but to measure ideas,
framework, and experiences to define the creation of automated and DevOps-based database systems. The qualitative
method gives an insight of tendencies, challenges and opportunities deeply, but in a generalized manner, depending on
the existing studies, industry experience and case studies.

Research Design

The study plan is grounded on an analytical-conceptual interpretation based on literature. The research gathers, analyzes,
and synthesizes the data in the publications, in case studies, and ramification in the academic literature, the industry, and
the technical reports on automation, DevOps and the database management. The strategy aids in determining the
relationship of these three areas database administration, automation tools, and DevOps practice, in enhancing efficiency,
reliability, and innovation.

The design employs tri phase design:

1. Exploration Phase - To determine leading themes, concepts, and patterns of the current research on database
automation and DevOps integration.

2. Analysis Phase - To understand how automation tools, DevOps pipelines and Al-run approaches have been
implemented in dissimilar organizational and technological settings.

3. Synthesis Phase - To synthesize the results into integrated conceptual framework known as Database DevOps
(DBOps), demonstrating the enhancement of the database lifecycle through automation during the provisioning
to compliance.

Data Collection

All the information to be used in the study will be obtained as a secondary source, such as research journals, white papers,
case reports, and other technical publications published between 2000 and 2023. The chosen papers have a focus on
automation within Oracle and cloud databases [1][2], DevOps procedures and CI/CD and Infrastructure-as-Code [3][7],
continuous testing and Al-optimization [4][5][6], and security integration with DevSecOps [8].

The inclusion criteria were:
e Write ups in automation or DevOps of database or infrastructure management.
e Research that has a conceptual, case-based, or technological approach.
e  Essays with English words and published in peer-reviewed or reputable libraries.

The filtered sources had to be those which referred to general software automation or those that were not practical or
technical to database systems.

Data Analysis
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The theme content analysis was applied on the materials gathered. This process consists of reading and rereading the
literature with the aim to single out common thoughts, trends, and issues. The central themes that have occurred are:

e Database provisioning, maintenance and monitoring are automated.
e DevOps tools are implemented in delivery pipelines of databases.

e Machine learning application in tuning and testing.

e DevSecOps as a means of security and compliance.

All the themes were juxtaposed and integrated to clarify the overall improvement of the database performance, human
error reduction, and the enhancement of the governance by automation and DevOps.

Each source was summarized and listed under these thematic categories in terms of the quotes, results, and findings. The
comparison in terms of the traditional database practices and new automated models as well as how the DevOps principles
contribute to quicker and more efficient functioning was also done through analysis.

Ethical Considerations

As this research relies on published literature, all the information is obtained using valid and publicly accessible sources.
Citations in IEEE format are done in the references in order to enforce integrity in the academic works. The triangulation
is done by making comparisons between the results of numerous sources to assert consistency and reliability. Personal
data, along with any confidential organizational data, was not utilized and therefore, the research does not breach any
ethical guidelines of conducting secondary data research.

IV. RESULTS

The literature analysis, case studies, and technical reports taken qualitatively show how the combination of automation
and DevOps is revolutionizing the database management practice in contemporary firms. The results are presented as
four main themes (1) automation development of databases systems, (2) DevOps and increasing the lifecycle of databases,
(3) smart automation via Al and testing incessantly, and (4) security and compliance, as well as operational control. The
combination of technology, a more efficient, reliable, and scalable database ecosystem in each of the themes is
demonstrated.

Automation in Database Systems

The results indicate that the decision to automate databases began with the increase in data volume, complexity in the
systems and their reliance on humans during maintenance processes [1]. At the initial level of development, automation
was primarily concerned in the area of scheduling, backups, and the mere monitoring of performance.

With time, it was extended to cover resource scaling, load balancing and tuning functionality. This change helped
organizations reduce downtimes and enhance data integrity even though the organizations do not require their human
input at all times.

The automation is today considered the cornerstone of the contemporary database management. Automated system is
able to monitor own performance, issue warning, and implement respective corrective measures according to the pre-
scheduled rules.

The addition of cloud computing infrastructure like the Oracle Cloud, Microsoft Azure SQL and Amazon RDS has been
more flexible and accessible to automation. These systems enable the capabilities of dynamic provisioning and de-
provisioning of resources dynamically in relation to the workload demand [1].

The other observation is that automation leads to better efficiency in an organization through manual work. Such activities
as patching, indexing, schema synchronization, and control over logs can be done automatically and database
administrators have more time to spend on strategic activities. Data availability that is always on also comes with
automated backup and recovery systems which are fundamental to high traffic and data-driven application.

Autonomation as well brought about the culture of data discipline. The rule-based processes make data management
more predictable and unable to violate standards. Such difficulties as script reliance, complexity of integration, and
automation misconfiguration threats are also observed in the findings. Therefore, there is still need of continued validation
and feedback systems to be used in order to maintain accuracy.
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Database Lifecycle Improvement

The most effective results discovered in the literature are the beneficial impact of the implemented DevOps practices in
the database management, which is also called Database DevOps (DBOps) [2][3][7][10]. Conventional database
management is in most cases rigid and sluggish because of manual processes and deficiency of coordination between the
software developers and database administrators. DevOps is a solution that is meant to bridge this gap through
implementation of automation, version control, and continuous deployment in a database environment.

Databases built under DevOps adhere to the notion of Continuous Integration /Continuous Deployment (CI/CD) and
Infrastructure-as-Code (1aC). The feature of 1aC allows teams to manage the configurations of databases using code so
that any deployment to any environment can contain the same content of such databases.

This ensures configuration drifting and susceptibility to human error is minimized. ClI moving at a faster pace CI/CD
pipelines enable cancellation of schema upgrades, patches, and changes in configuration and have the capacity to conduct
all these tests and deployments with acceleration yet maintain steadiness [2][3].

The qualitative information suggests that those organizations that implement the principles of DevOps are faster in
updating the list of requirements and have reduced the number of production mistakes. Studies of oracle environments
reveal that the deployment time can be cut by 50 70 percent with the automation tool of DevOps such as Terraform,
Ansible, and Jenkins [2]. An example such as Liquibase, has versioned database migrations, which are consistent with
changes in their corresponding code.

The results also indicate that DevOps promotes procedures and cultural enhancements. The constant feedback loops
improve the coordination within the teams, and proactive issues are resolved. The shared responsibility model decreases
the delays due to the lack of communication and manual transmissions.

The other significant conclusion is the emergence of cloud-native DBOps, the usage of DevOps pipelines to operate
cloud-based databases. With the help of Kubernetes, AWS CloudFormation, and Azure DevOps, teams are able to deploy,
monitor and even scale databases when using multi-cloud environment [7].

Copyright © 2024 by Author/s and Licensed by IJCNIS. This is an open access article distributed under the Creative Commons Attribution License which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



2085 Ranjith Rajasekharan/IJCNIS,16(4),2079-2087

The difficulties such as complexity in integration, compliance in terms of security, and migration of the legacy system
are often mentioned. These obstacles do not have as great an impact compared to the advantages of speed, stability, and
version control, which makes DevOps one of the primary aspects of the efficiency of the current databases.

Continuous Testing

The second prominent theme of the findings is the increasing importance of Artificial Intelligence (Al) and Machine
Learning (ML) in the process of automating database and DevOps processes [4][5][6]. With the implementation of Al-
driven tools, now the previously simple automation has become intelligent and adaptive.

Integration Overlap: Automation, DevOps, and Al

Automation DevOps
25
25 25
20
1115 45
15
Al/ML

Machine Learning has been utilized in performance tuning performance improvement, test case selection and fault
prediction. OnlineTune is a tool that illustrates the relevance of the ML-based optimization in changing settings
dynamically based on changes in workload and environmental conditions to make a maximum of 165% performance
improvement and reduced risky configurations [5]. ML-based tuning of the NoSQL systems like Apache Cassandra using
read and write unit latency were 43 and 39 percent lower respectively than the default configuration [6].

The other area that automation has brought major outcomes is in testing that is continuous. DevOps pipelines now also
consist of automated testing steps where each change now is tested prior to deployment. This process is optimized with
the help of the integration of ML to predict high-risk zones of code and the selection of the tests to be executed [4].

The beneficial nature of CI/CD in conjunction with continuous testing can also be stressed in qualitative findings.
Employing the ML-based testing in the organizations resulted in the reports of a 30 percent shorter time of testing and a
20 percent increased level of defect detection [4]. The use of reinforcement learning to run the tests also resulted in the
acceleration of the pipeline cycles and efficient utilization of resources.

Such results demonstrate that DBOps should be provided with self-learning systems in the future. Systems can now
analyze trends, identify abnormalities, and action in a way which is intelligent rather than strictly depending on the set-
pre-written automation scripts. The trend converts the platform of database into reactive management to self-adaptive
and predictive management.
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Governance in Automated Systems

Automated and DevOps-based database management turns out to be the subject of the key themes security and
compliance. The necessity to implement security at all the lifecycle stages becomes crucial with the growth of the
automation level [8].

The results indicate that DevSecOps, as the acculturation of security operations with the DevOps processes, nowadays is
regarded to be indispensable. Security is no longer a bottleneck but an ongoing process, which is considered a part of
CI/CD pipelines. This technique is called the shift-left security and it enables any vulnerability to be detected early before
it is deployed [8].

Studies single-out four principal dimensions of difficulty in implementing DevSecOps which are discussed as People,
Practices, Tools and Infrastructure [8]. The most prevalent types in tools include the difficulties associated with
integrating security tools with the platform without reducing the speeds of the deployment processes. To address this, a
continuous vulnerability scanning, a policy enforcement, and an access management is addressed with the help of
automation.

Trends in DBOps Adoption Stages
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Automation, in the form of versioned logs, configuration histories and audit trails also make regulatory compliance easy.
This can help organizations to fulfill the current requirements without additional manual process (GDPR and I1SO 27001).

The problem of data locality and access control is introduced into the framework of the compliance issues by the
development of cloud-based DBOps. The inferences of the findings imply that the accountability by the process of
Infrastructure-as-Code (1aC) and GitOps will be facilitated. All alterations in settings and any change in a database are
recorded as captured repositories such as Git which do form understandable and readable records.

Security automation is also involved in cooperation with Al-driven analytics. Identification of unusual access patterns or
abnormal access transaction methodology is done using machine learning models and thus, it helps in preventing data
breaches before they take place. These integrations demonstrate the abiding principles of automation and DevOps and
strong governance frameworks do not require each other to be compromised.
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The qualitative analysis shows a number of general insights:
1. Automation improves consistency, efficiency and scalability of the database management.
2. DBOps integration is used to improve cooperation and deploy CI/CD pipelines.
3. Database systems can be smart, dynamic and self-optimising with the aid of Al and ML automation.
4

Automation of security and compliance is essential in keeping the trust especially in the case of clouds and
multi-tenant environments.

The overall results indicate that automation, DevOps, and Al will effectively form a more future-proofed system of
database management, which will reduce errors by hand and promote an unceasing delivery system, as well as compliance
in the hybrid cloud system.

V. CONCLUSION

The research comes to the conclusion that the combination of automation and DevOps make database management
procedurally faster, even smarter and more reliable. Automation minimises the number of human errors, whereas DevOps
introduces continuous delivery and teamwork. Systems become adaptive and learn on their own because of the use of Al.

The changes save time besides offering consistency in performance and high levels of data security. Despite the existing
challenges of integration, there is positive impact in the overall and into the future. The results indicate that automated
DevOps-based database systems provide more control, stability, and preparedness to the increased demands of the new
cloud-based applications by organizations that implement the system.
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