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Abstract- With an ever more complicated digital
ecosystem, businesses tend to use several database
systems—Ilike SQL Server for structured relational
data and MongoDB for unstructured or semi-
structured document-based data—to serve various
application needs. Provisioning such heterogeneous
environments is a challenge, especially when
installed on cloud platforms like Microsoft Azure.
Automation of infrastructure through
Infrastructure as Code (1aC) solutions, particularly
Terraform, is a very attractive solution with the
potential for consistent, repeatable, and scalable
deployment. This study discusses integration and
automation of multi-databases workloads—SQL
Server and MongoDB—on Azure via Terraform. It
assesses the operational efficiencies achieved,
including less human intervention, faster
provisioning, and greater consistency across
environments. The research explores different
architectural models, provisioning methods, and
best practices for deploying and managing such
databases with Terraform modules. Focus is given
to realizing Azure's services such as Azure SQL
Database, Virtual Machines for SQL Server, Azure
Cosmos DB for MongoDB API, and how they can
be orchestrated using Terraform. The paper also
delves into the advantages of laC based on
automation, compliance, infrastructure governance,
and scalability, particularly for hybrid and DevOps-
oriented organizations. Various case studies and
business reports are examined to measure
performance improvements, deployment time, and
error reduction due to automation of infrastructure.
Some challenges, like tool complexity, learning, and
integration issues between Terraform, Azure CLI,
and database services, are also described in the
study. The results show that automation of
infrastructure significantly simplifies workload
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management, reduces deployment time, and
maintains infrastructure parity in development,
staging, and production environments. In summary,
this study promotes the use of Terraform-based
automation to govern multi-database environments
in Azure and proposes best practices to practitioners
who want to transform their data infrastructure
operations.

l. INTRODUCTION

1.1 Background of the Study

The fast growth of cloud computing has resulted in a
shift towards the way databases are deployed,
managed, and scaled. Contemporary organizations
make extensive use of various database technologies
to meet their varied application ecosystems. [1]SQL
Server continues to be a keystone for structured data
and transactional systems, while MongoDB is
increasingly popular due to its scalability and
flexibility in  supporting semi-structured and
unstructured data (Kumar & Singh, 2021).[2] Their
deployment and management on public cloud
platforms such as Microsoft Azure offer
opportunities but also operational difficulties.[3]

Historically, infrastructure components for SQL
Server and MongoDB provisioning and management
were labor- intensive[4] and time-consuming and
were subject to configuration drift and human
error.[5] This issue becomes even more challenging
when organizations run hybrid environments or need
frequent infrastructure changes.[6] The introduction
of Infrastructure as Code (1aC) changed the game of
cloud infrastructure management by enabling system
administrators and DevOps teams to provision
infrastructure using machine-readable definition files
(Yousif et al., 2022).[7] Terraform, the open-source
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laC tool released by Hashi Corp, has become a
widely adopted solution for cloud infrastructure
management because of its cloud-agnosticity and
support for declarative configurations.[8]

Using SQL Server and MongoDB on Azure can be
done through multiple services such as Azure SQL
Database, Azure Virtual Machines, and Azure
Cosmos DB with MongoDB API capability.[9] These
services, however, can't scale and automate manually,
particularly when environments have to be replicated
the same way every time.[10] Terraform mitigates
this by enabling developers to declare the
infrastructure's desired state with configuration files
and automatically apply them to various
environments (Sato et al., 2020).[11]This research
will evaluate the effect of Terraform-powered
infrastructure automation in the management of
multi-database environments on Azure.[12] Through
the examination of deployment durations, utilization
of resources, cost optimization, and operational
dependability, this paper looks to establish the
pragmatic advantages and constraints of such a
method.[13] It also emphasizes integration patterns,
reusable modules, and governance controls that allow
firms to simplify their DevOps processes. Finally,
this study aims to close the gap between practice and
theory by providing real-world insights into the
automation of heterogeneous database systems with
newer cloud infrastructure methodologies.[14]

1.2 Objectives

e To examine the efficacy of infrastructure
automation in deploying SQL Server and
MongoDB on Microsoft Azure.

e To assess the advantages of utilizing Terraform
with regards to scalability, consistency, and
manageability.

e To analyze the performance benefits and
operational  savings obtained by using
Infrastructure as Code.

e To learn the patterns and best practices of
automating multi-database workloads.

e To emphasize the obstacles and constraints of
automating cloud infrastructure using Terraform.
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1.3 Scope and Limitations

e This research mainly targets:

e Automating the deployment and maintenance of
SQL Server and MongoDB databases on
Microsoft Azure.

e Employing Terraform as the infrastructure
automation tool.

e Assessing operational efficiency, scalability,
deployment time, and reproducibility.

Limitations:
e Does not include other 1aC tools such as Ansible
or Pulumi.
e Only addresses Azure, not AWS or GCP.
e Real-time benchmarking of performance is
simulated in lab environments and might not
reflect enterprise-scale environments.

1.4 Significance of Infrastructure Automation
Infrastructure automation, particularly via laC tools
such as Terraform, has become an essential part of
contemporary DevOps and cloud-native
operations.[15] It minimizes the laborious work of
provisioning infrastructure and improves the
consistency and repeatability of deployment
processes (HashiCorp, 2023).[16-17] By automating
deployments involving multiple  databases,
organizations can minimize downtime, remove
configuration drift, and strengthen infrastructure
governance.[18] Terraform supports version control,
compliance  auditing, and standardization of
environments, and it is thus an essential tool for
infrastructure management at scale (Rahman et al.,
2021).[19] In addition, when utilized in hybrid and
multi-cloud, infrastructure automation decreases
operational silos and enables smooth integration
between development teams and operations.[20]

1. REVIEW OF LITERATURE

2.1 Introduction to Multi-Database Systems

Sequeira (2025) illustrated how automated Terraform
scripts provisioned Azure SQL databases for
microservices, minimizing manual intervention and
speeding deployments.[21]Loizeau (2024)
demonstrated how Terraform can automate Azure
SQL performance optimization using Azure's auto-
tune features, reducing the need for manual
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performance tweaking.[22] Achanta (2024) discussed
hybrid architectures blending SQL Server and
MongoDB on Azure, showing methods for database
partitioning and synchronization between disparate
systems.[23]

2.2 Azure Infrastructure for SQL Server and
MongoDB

Crivelini ~ (2022) introduced  Terraform-based
deployments for Azure SQL, emphasizing consistent,
idempotent infrastructure provisioning to reduce
configuration drift. [23] Mongo DB Dev (2024)
provided a tutorial on provisioning MongoDB Atlas
on Azure using Terraform, showcasing automation
best practices for cloud-native NoSQL
deployments[24]. UMA  Technology (2024)
explained Terraform modules tailored to high-traffic
database environments, including the use of CI/CD
pipelines and automated backup strategies.[25]

2.3 Terraform and Infrastructure as Code (laC)
Koshar and Hamdaga (2025) described common
code-quality issues or "smells" in Terraform modules
and emphasized the need for lean, readable, and
maintainable infrastructure-as-code (1aC)  scripts.
[26]Chiari et al. (2022) conducted a comparative
study of static analysis methods for Terraform laC,
advocating early detection of misconfigurations and
improved deployment reliability. Rahman et al.
(2018)[27] outlined critical challenges and research
directions in l1aC, including reusability of code, drift
detection mechanisms, and the testing of Terraform
configurations.[28]

2.4 Research on Automation Benefits and
Performance Gains

Reddit (Nov 2024) highlighted an Azure engineer's
observation that Terraform promotes auditability,
standardization, and team collaboration, while
cautioning about complex workflows.[29] Reddit
(Sep 2022) referenced a multi-tenant deployment
using Terraform, Kubernetes, and Crossplane,
highlighting maintainability in complex infrastructure
setups. Reddit (2022) noted community consensus
that "every resource should be created via laC,"
though some debate remains about whether database
schemas should also be fully automated.[28] Reddit
(May 2022) shared experiences from practitioners
who emphasized the challenges of managing SQL
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Server and MongoDB together via Terraform due to
differing configuration paradigms.Reddit (Feb 2025)
quoted a DevOps expert describing Terraform’s
modular deployments of AKS, Azure SQL, Key
Vault, and VNet as indicative of advanced laC
maturity. [30] Reddit (2023) highlighted growing
adoption of Terraform for MongoDB infrastructure,
with practitioners suggesting its effectiveness
depends heavily on how well it fits an organization’s
standardization goals.[30]

I1. RESEARCH METHODOLOGY

3.1 Research Design

The research in this study takes a qualitative and
applied research design to assess the adequacy of
infrastructure automation for handling multi-database
workloads (MongoDB and SQL Server) on Microsoft
Azure with Terraform.[31] The study centers on
examining  deployment  efficiency,  workload
distribution, and operational ease through real-time
usage in cloud platforms.[32]

3.2 Population and Sample Size

Target population: DevOps engineers, database
administrators (DBAs), and IT project managers for
hybrid or multi-database systems in enterprise cloud
environments. A purposive sample of 15
professionals across 5 organizations (from startups to
enterprises) was chosen for providing varied insights.

3.3 Data Collection Tools

o IT staff interviews for setup experience, benefits
of automation, and performance of workload.

e Observation logs of Terraform deployment scripts
for varying environments.

e System configuration documentation reviews
prior to and post-automation.
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V. DATA ANALYSIS

Table 1: Manual vs Automated Deployment Time
(Average Observed in Hours)

Org B Easier tracking,
consistent infrastructure

OrgC Better collaboration
between DB and DevOps

Organization | Manual | Terraform Time
Setup Automated | Saved
Time Time
OrgA 10 hrs 3 hrs 7 hrs
OrgB 8 hrs 2.5 hrs 5.5 hrs
OrgC 12 hrs 4 hrs 8 hrs
Chart Title

Interpretation: Automation via Terraform reduced
deployment time by over 60% on average, making
system provisioning significantly more efficient.

Table 2: Error Frequency During Setup

Setup Type Average Errors Reported
(Per Setup)

Manual Setup 6

Terraform Setup 1

Average Errors Reported (Per Setup)

= Manual Setup Terraform Setup

Interpretation: Automated setup minimizes human
error, leading to smoother deployment processes and
fewer post-deployment issues.

Table 3: User Feedback on Ease of Management
(Qualitative Themes)

Organization Feedback Summary

Org A Reduced cognitive load,
easy rollback
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Interpretation: Users found infrastructure-as-code
(1aC) tools improved control, traceability, and team
integration.

CONCLUSION

The research shows that using Terraform with
Microsoft Azure to manage SQL Server and
MongoDB  workloads simplifies infrastructure
processes efficiently. The respondents from various
organizations indicated that automation significantly
lowered deployment times, reduced errors, and
ensured consistency. Qualitative results showed
greater teamwork among teams, especially between
developers and DBAs, as a result of version-
controlled infrastructure scripts. The results indicate
an increasing convergence between DevOps maturity
and infrastructure automation.

By eliminating redundant manual configurations,
Terraform not only accelerates deployment but also
enables scalable and dependable architectures.
Experience indicated that automated provisioning
could be reused across environments with little
modification, promoting best practices like modular
scripting and environment standardization.

KEY FINDINGS

e  Terraform accelerated database setup time by
60-70%.

e Manual errors decreased  substantially,
enhancing stability.

e  Feedback emphasized enhanced manageability
and cross-functional collaboration.

e Standard templates improved infrastructure
repeatability.

SUGGESTIONS

e Organizations must  implement  modular
Terraform scripts to provision databases.

e Regular training in laC tools can help in its
adoption by conventional DBAs.
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Monitoring solutions must be incorporated after

automation to provide real-time information.

Integration of laC with CI/CD pipelines can

further enhance delivery agility.
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