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Abstract

DevOps methodologies are progressively being integrated into database management to improve
effectiveness, teamwork, and automation. The essential best practices for incorporating DevOps
into database administration encompass continuous integration, continuous delivery,
infrastructure as code, and monitoring with alert systems. Furthermore, it features practical case
studies that showcase successful DevOps applications in database settings. By reviewing these best
practices and case studies, database administrators can acquire significant insights into how to
utilize DevOps to optimize their processes, minimize downtime, and provide superior quality
database services.
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1. Introduction:

The primary objective of DevOps is to facilitate continuous software development methodologies, such
as continuous delivery and continuous deployment, while leveraging microservices to enhance the agile
software development lifecycle. A notable trend in this landscape is the increasing delivery of software
via the internet, whether through server-side applications as a Service (SaaS) or direct channels to end-
users. The growing prevalence of mobile platforms and technologies also underscores the importance of
these innovations.
Database administration is pivotal in supporting modern applications; however, traditional database
management practices can often be labor-intensive, susceptible to errors, and detrimental to
organizational agility. DevOps offers a framework that automates and streamlines database operations,
encourages collaboration between database administrators and software developers, and ensures that
database infrastructures are in alignment with business objectives. Organizations continuously aim to
enhance the speed, reliability, and quality of their application delivery.
DevOps is a cultural and methodological paradigm that fosters cooperation between development and
operations teams, emerging as a robust framework for achieving these objectives. While DevOps is
commonly associated with software development, its principles and methodologies are equally
applicable to database administration.
In this paper, we will address the following research questions from a Database Administration
perspective:

1. Why is DevOps essential for Database Administration?

2. What are the fundamental areas of DevOps that are pertinent to Database Administration?
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3. What are the advantages and challenges associated with implementing DevOps in database
management?

The emergence of DevOps has revolutionized software development and deployment by emphasizing
collaboration, automation, and continuous delivery. Given the critical role databases play in modern
applications, it is essential to incorporate database administration (DBA) into DevOps practices. This
paper will explore the advantages of adopting DevOps for DBA, including enhanced efficiency,
reliability, and scalability. We will examine key best practices for implementing DevOps in DBA, such
as version control, automation, continuous integration/continuous delivery (CI/CD), and performance
monitoring. Additionally, we will present real-world case studies illustrating the successful application
of DevOps principles within various database environments.

2. Related Research:Numerous research domains are pertinent to the intersection of database
administration and DevOps practices. Many organizations have adopted agile methodologies to enhance
their project scope and improve the Software Development Lifecycle (SDLC). This shift emphasizes the
need for research that focuses on the integration of DevOps principles within database management,
particularly concerning system performance metrics, data processing algorithms, and the overall
efficiency of database operations.

Different Stages of SDLC:

" DESIGN

DEVELOPMENT

" ANALYSIS

TESTING

'RELEASE AND MAINTENANCE

Various Methods to Achieve SDLC:

Waterfall Method: The Waterfall methodology follows a linear approach where each requirement must
sequentially progress through the Software Development Lifecycle (SDLC). This can lead to potential
delays due to system crashes, environmental discrepancies, or integration challenges, particularly when
database interactions are involved. Furthermore, quality assurance cannot be fully validated until the
application is implemented and tested in the production environment, making it difficult to assess the
efficacy of algorithms and overall system performance metrics until later phases.

Agile Method: The Agile methodology, in contrast, decomposes requirements into smaller, iterative
increments, allowing for parallel execution of tasks. While Agile enhances flexibility and responsiveness
to change, it also presents challenges in guaranteeing quality until comprehensive testing is conducted
during each iteration. Continuous integration (CI) practices are essential to ensure that modifications,
particularly those affecting database structures and queries, do not introduce performance regressions.
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Combination of Tools for Effective SDLC: Utilizing a combination of tools within the SDLC
facilitates an organization’s capacity to expedite project delivery while ensuring quality assurance
through continuous development, integration, and testing. This approach enables rapid identification and
resolution of issues across any phase of the software lifecycle, thus optimizing data processing and
system performance metrics. Implementing a variety of automated testing frameworks and performance
monitoring solutions allows for real-time insights into the database's performance, which is crucial for
maintaining data integrity and system efficiency.

Central Version Control System: In a Centralized Version Control System (CVCS), the code
repository is maintained in a single location, and users must connect through the network to access and
modify the codebase. This method can streamline collaboration but may introduce latency in database
operations if multiple users are making concurrent changes. .

Distributed Version Control System:

In contrast, a Distributed Version Control System (DVCS) allows users to clone the central repository to
their local environments, enabling them to make changes offline. Users can then commit their
modifications back to the central repository, facilitating better collaboration and minimizing the risk of
conflicts in database schemas or data manipulations due to local testing before pushing changes. This
adaptability enhances overall team efficiency and supports the principles of Agile and DevOps, making
it easier to manage version control alongside robust database administration practices..

Ex: GIT

Git & Git Hub:

Git is a distributed version control system that is essential for managing source code and tracking the
history of all files within a repository. It should be installed on client machines, where each user
maintains a local repository separate from the central repository. This local setup empowers developers
to work independently while still being part of a collaborative environment.

Whenever a developer commits changes to a file or directory, Git creates a new version of that file,
leveraging a system of algorithms to efficiently track modifications. This versioning capability ensures
that if a developer encounters issues with the latest code iteration—such as performance regressions or
bugs in database interactions—previous or specific versions can be restored effortlessly. This
functionality is crucial for maintaining the integrity of database-related code and optimizing system
performance metrics.

GitHub is an online repository hosting service available at https://github.com, allowing users to create
and manage Git repositories in a centralized location. Users can sign up with their official email or

IJAIDR20011175 Volume 11, Issue 1, January-June 2020 3



https://www.ijaidr.com/
https://github.com/

~lli=y .
@ Journal of Advances in Developmental Research (IJAIDR)
% E-ISSN: 0976-4844 e Website: www.ijaidr.com e Email: editor@ijaidr.com

Gmail accounts to access a wide range of features, including collaboration tools, issue tracking, and
integration with continuous integration/continuous deployment (CI/CD) pipelines. GitHub also
facilitates the sharing of best practices in database architecture and algorithm development, further
enhancing collaborative efforts in application development and database management.

How Git Works:

Git Data Transport Commands

hetp://ostesle. com

commit -a >

add (-u) commit >

push
. local remate
@ repository

< pull or rebase

revert

compare

Jenkins:

Is a Java Application and it is used for continuous integration and continuous delivery. Jenkins by
default won’t come with any features it can be just a skeleton. Any feature will be available as plugins,
so only required plugins can be installed.

edureka!

DEPLOY

Jenkins
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Continuous integration and continuous delivery:

In general Database Administrators and Developers Write the code in their machines and push the
changes into shared repositories like Git/Bit Bucket/SVN and at the end of the day if the build starts and
encounters any bug it would be difficult to find out at what point of code the issue occurred which may
lead to delay in delivery.

In the case of Jenkins, it would trigger the build as soon as the developer checked in any change into
the repository and if any bug is introduced users will be notified with an exact report at what point of
code the issue started.

Example Process how Database administrator can create EC2 instance with CICD Process:

GitHub
Github Actions CI/CD Code Deploy EC2
Code Push .

=y

Github Repository

Overview of CI/CD using CodeDeploy and GitHub Actions

When the User pushes the code that request will go to the GitHub Repository will grab the existing code
and Connect to AWSCIi Thecode will Deploy to create an EC2 Machine. So, with this process, we can
create N Number of Server with our Manual Work and It will save lots of hours for an organization. The
same process will be applicable to create and maintain database changes with our Human intervention.

3. Research Framework:

Many executives are excited about DevOps, but they often don't fully understand what it is or how it
works. This can lead to unrealistic expectations and disappointment.

To make DevOps successful, companies need to use a platform that can track and measure performance.
This data helps them see if DevOps is working and make improvements.

The real value of DevOps isn't just using a trendy term; it's about having a common way of talking about
and improving software quality and delivery

DevOps Roles in Critical Database Administration World:

—>Responsible for all kinds of UNIX\Windows administration tasks.

->Virtualize the servers using Cloud (eg: Azure\aws) for test and dev, Prod environments.
—>Write Ansible playbooks/roles to manage the configuration in different environments.
—>Deploy Docker Engines in Virtualized Platforms for containerization of multiple applications.
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—>Setting up monitoring tools like Nagios and Amazon Cloud watch to monitor major metrics like
Network packets, CPU utilization, and Load Balancer Latency.

-> writing Ansible scripts and heavy Shell, Perl, Python, and JSON scripting.

—>Deployed and configured GIT repositories with branching, forks, tagging, merge requests, and
notifications.

—>Coordinate/assist developers with establishing and applying appropriate branching, Labelling/naming
conventions using GIT source control.

- Automate the backup/project builds jobs using Jenkins.

—>Maintain Servers\Database availability as per SLA. Produce monthly reports for critical servers.
—>Assist different teams in all phases of builds. Ensure the documentation when there is a change in any
environment.

We Will Achieve (diagram) these many features when We integrate databases into DevOps with the help
of Administration.

Capabilities Collaborative and continuous development
Continuous integration and testing
Continuous release and deployment
Continuous infrastructure monitoring and
optimization
Continuous user behavior monitoring and
feedback
Service failure recovery without delay
Continuous Measurement

Technological Build automation

Enablers Test automation
Deployment automation
Monitoring automation
Recovery automation
Infrastructure automation
Configuration management for code and
infrastructure
Metrics automation

Diagram: Core DevOps Services for Databases

4. Findings:

To be agile and keep customers happy, DevOps teams need four important skills. One of these skills is
observability. This means every part of the DevOps process should be tracked and measured. Without
this data, it's impossible to understand and fix problems.

* Iteration: Code fixes and improvements must be rapidly identified, triaged, and developed using data
correlated throughout the toolchain to provide deeper insights.

« Collaboration: Rapid delivery requires that DevOps teams are on the same page, use the same data,
and take action based on the same measurements.

» Optimization:Use statistical methods to analyze quantitative data (e.g., performance metrics, cost
savings).
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Using data to improve DevOps and observability can directly benefit a business. It can make things
more efficient, help developers work faster, release apps faster, save money, make customers happier,
and increase revenue.
Companies that use a full observability platform can expect to:

e See problems with new apps right away, not hours or days later.

« Fix problems much faster, both after they happen and before they even start.

e Work more efficiently because data is collected and analyzed automatically. This lets developers

and operations teams focus on what the business needs, not on building tools.

To make sure DevOps teams are working towards the business goals, they need to release new things
often and measure how that affects the business.

5.DevOps in Best Practice:

When implementing DevOps, several challenges slowed down the process. These challenges made it
harder to achieve the goals of DevOps. One big challenge was having employees with the right skills.
This meant hiring new people with the right skills or teaching current employees new things.

Not having enough skilled employees can slow down DevOps because the needed skills might not be
available when needed. The skills needed include knowing how to write software, understanding
infrastructure, and using the right tools.

Transitioning to DevOps
way of working

Uncertainty in
Responsibilities

Changing the Changing
technology Stack ResponSIbbhtleS

Having staff wulh the nght | Coping with Change Wider view of
technical skills %\ Retaining siaff}-<—— and Uncertainty product development

l !

Volume and diversity of
@pskullmg current stafD L change ]

Diagram: Challenges related to DevOps Adoption

Additional best practices consistent with the DevOps framework:
1. Make small, frequent changes to the database code. This makes it easier to undo changes and find
problems early in the development process.
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2. Monitor and manage dependencies after each change. Use a microservices approach for database
development.

3. Use a fast feedback loop, like you do with application code. However, important feedback might be
hidden among all the logs and alerts.

4. Track all changes to the database code. Test often and focus on metrics that are important to the
business and user experience.

5. Set up a testing environment that matches real-world use cases. Use a production environment to test
how the database works.

6. Automate as much as possible. Find tasks that are repeated and predictable, and write scripts to update
the database code when new builds are created.

6. Conclusion:

Using DevOps practices in database management can greatly improve efficiency, reliability, and quality.
By implementing methods like continuous integration, continuous delivery, infrastructure as code, and
strong monitoring and alerting, organizations can simplify their processes, minimize downtime, and
adapt more quickly to changes. The examples shared show the real benefits of these practices, such as
quicker deployments, better teamwork, and more robust databases. As databases keep evolving, adopting
DevOps will be crucial for staying competitive and providing effective database services.
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