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Abstract

In the dynamic environment of contemporary cloud technologies, combining DevOps with such technologies as laC
is critical. This report looks at DevOps in multi-cloud setup, focusing on laC as part of the DevOps' Pillars." Catering
for extensive DevOps adoption across different clouds, the discussion in this paper reveals the value of large-scale
DevOps through reports based on simulated real-life scenarios and situations. The main findings reveal that 1aC
positively improves operationality, reliability and agility in the cycle process. But at the same time, it brings additional
issues connected to the problem of cloud compatibility, safety, and the issue of cloud management. Thus, this report
outlines recurrent problems and provides realistic recommendations to tackle such difficulties and maintain
trustworthy and efficient DevOps when using multiple clouds. Through the enablement of 1aC, organizations shall
experience enhanced efficiency in day-to-day operations and float consolidation of development and operations teams,
which, in the long run, create competitiveness in the cloud computing discourse.
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Introduction

For several years, technology, especially cloud computing, has revolutionized how organizations
manage their resources on information technology in terms of flexibility, scalability, and cost.
DevOps: a chosen strategy for a business's formation and functioning aspects to synthesize
SDLC processes and preserve excellent software quality. DevOps is one of the practices, and
among the practices is Infrastructure as Code, where Infrastructure can be declared and
provisioned from code to reduce human interference.

DevOps and 1aC in multi-clouds can be considered more relevant due to the attempt to leverage

the specificities of using different cloud services, including AWS, Azure, and GCP. A multi-
cloud strategy helps avoid lock-in with a particular vendor, provides good business continuity
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and provides an opportunity to pick out the most suitable cloud services among the cloud
vendors for certain tasks [3]. However, managing infrastructures in different cloud environments
has huge difficulties, including configuration, security and assurance of many regulations [4].

laC, when used in the multi-cloud environment, assists organizations in providing the much-
needed structure and automating the steps of infrastructure creation and management needed for
these clouds. Second, it contributes to the faster implementation of the process and the enhanced
collaboration between the development and operating teams, which contributes to a better
company outcome. Besides that, 1aC can be versioned and can include CI/CD pipelines, which
contributes to reducing the time to market [5].

To this end, in this report, we enlighten several threats and opportunities of the large-scale
DevOps extension with the help of 1aC in the multi-cloud environment, indicated by the detailed
simulation reports and real-time implication scenarios. Therefore, by describing more practical
approaches to the outlined challenges, the author aims to provide a vast guideline for
organizations trying to match their DevOps model optimally.

Simulation Reports

Several simulations were conducted to ensure that the effect of DevOps with laC leading to multi-cloud
scaling has been comprehensively discussed in the paper. These simulations were structured to see laC's
role in the automation of infrastructure management to improve productivity and manoeuvre around
the multiple cloud architecture paradoxes.

Methodology

As mentioned earlier, the simulations were designed to correspond to real-life and realistic usage of
multi-cloud frameworks. We used three major cloud service providers. Currently, the three main public
cloud services in the market are AWS, Microsoft Azure, and Google Cloud. Each simulation involved the
following steps: These were the steps followed in each of the simulations:

Infrastructure Setup: Some infrastructure resources included were virtual machines or storage and
networking services, some of which were initiated using laC tools such as Terraform or AWS
CloudFormation. These configurations were described in manners that have allowed them to be made
replicable and diversified so as not to lean on one environment over the others.

Deployment Automation: Frameworks for test automation were created and used with the help of
technologies like CI/CD — Jenkins GitLab Cl. These pipelines held application distributions and

infrastructure alterations because they could rapidly be deployed and modified.

Monitoring and Logging: To get metrics on performance, availability, and used infrastructure resources,
two monitoring frameworks, Prometheus and Grafana, were adopted. The above logs were classified
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and grouped with the help of tools such as ELK Stack (Elasticsearch, Logstash and Kibana), which
facilitates real-time examinability and rectification.

Scenario Testing: These varied from increasing and decreasing the usage of applications, practising
disasters, and cross-cloud conversion. These tests were made to put the capability of survival and
flexibility of the chosen infrastructure setup to the test.

Outcomes
As for evaluating the learned outcomes from the simulations, | must acknowledge that they unveiled the
advantages and disadvantages of using l1aC in a multi-cloud environment.

Operational Efficiency: One should also highlight that with the help of the l1aC application, it was
possible to implement changes to the mentioned problems, which saved sufficient time for designing
infrastructures using automation of these tasks. For example, infrastructure setup time was cut to 70%.
Hence, the team could attend to other important areas [1].

Consistency and Reliability: 1aC ensured consistency in the setting within infrastructures to mimic
because it dealt with the centralization of administration through code. If the structure of the enterprise
remained in harmony with the cultural requirement, then the chances of divergence would be
minimized if the Infrastructure was dissimilar to the intended structure. Thus, it has been noted that the
reliability of deployments is improved, and issues are less severe than those that arise from
environmental variability [2].

Scalability: In detail, the simulations showed that, through the laC framework, the scaling of the
application and Infrastructure is feasible across the different types of clouds. Automated scaling policies
were integrated and attained, which showed the capability of altering the structure's size based on the
amount of utilization. This capability is rather helpful for managing traffic deviations and guaranteeing
that important resources are properly utilized [3].

Interoperability Challenges: Regarding the research objectives, one major issue was the lack of
compatibility with several cloud technologies. However, all the clouds out there possess tools, APIs, and
conventions, which is why managing a multi-cloud environment is quite tough. The research results
revealed that the discussed integration processes were complicated and required significant time [4].

Security and Compliance: IaC assisted in the enforcement of security best practices since it would turn
security to be implemented into code and run across the systems to check whether the values were
implemented. However, implementing security and compliance policies in multiple states encountered
challenges, especially regarding resource observability and manageability. These problems were
resolved by introducing automated security scans and compliance checks to the CI/CD pipelines [5].
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Disaster Recovery and Failover: The exercises also included disaster recovery exercises to establish the
readiness of the structure. laC had a major role in backup environment orchestration and the failover
procedures, which reduced downtime as part of business continuity. From the simulations, it has been
observed that effectively conducting an 1aC can enhance the catastrophe recovery functionality [6].

In conclusion, the simulation reports indicated the opportunities of DevOps together with laC in the
multi-cloud context. However, objectives related to operational efficiency, consistency, and scalability
are realistic goals of this method, with several advantages. Still, it does not answer interoperability,
security, and compliance questions. Hence, there is a simulation of these environments, and
organizations can develop long-term frameworks to deal with problems originating from multiple cloud
systems.

Real-Time Scenarios

Therefore, while employing laC strategies within Scaling DevOps regarding multiple clouds, it has not
been conceptualized for the future but has already been implemented in some cases. Based on such
examples concerning diverse kinds of industries and DevOps levels, it is possible to state that l1aC has
been effectively contributing to enhancing efficient DevOps, maintaining standardized operations, and
high reliability across multiple clouds.

Scenario 1: The extension of the electronic commerce platform.

An e-business firm specializing in mobile commerce, enjoying record growth, had to boost its capacity
concerning festive and similar sales. It strived not to be associated with a given vendor and have
redundancy, thus adopting the multi-cloud policy.

Implementation: Therefore, the company established the settings of infrastructure elements that can
be embarked onto AWS and Azure using Terraform. Some configurations included virtual machines,
load-balancers, database network settings, etc.

Automation: Jenkins was used to construct the CI/CD pipeline, which was used to automate deployment
and scale up the infrastructure. The code modification resulted in the automation — the tests that
subsequently ensued and whose successful outcome was the activation of the code changes which were
made to be deployed to the production.

Outcomes: The flexibility of the IT infrastructure was utilized to meet the fluctuating traffic, and aspects
such as the server and the bandwidth were well controlled and managed. 1aC was useful in maintaining
uniformity in creating the setups on the two cloud services, reducing the time the services were out and
inconveniencing the users [1].

Scenario 2: Financial Services Disaster Recovery

A company in the financial business requires a credible DR strategy to operate in a geographical area if
there is an outage of electricity. In the case of DR, the firm noted that the most suitable DR architecture
is multi-cloud architecture involving both AWS and GCP.
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Implementation: The firm uses AWS CloudFormation and Google Cloud Deployment Manager to codify
infrastructure. The core services were hosted on the AWS cloud; however, a third level was created in
the GCP cloud.

Automation: CI/CD pipelines were also designed to ensure that the data and applications of the primary
and the standby systems were always in synchronization. DR drills were carried out following a calendar
to mimic the failover procedures.

Outcomes: The firm attained a high availability concept and a very efficient failover as laC assisted in
creating the resources on GCP when using the AWS services was impossible. This approach minimized
working losses and ensured that the organization complied with the law about the disaster-recovery
process [2].

Scenario 3: Media Streaming Service Performance Optimization

A media streaming service confronts a problem, and it needs to improve its performance and minimize
the latency for clients worldwide. This service had earlier adopted what can be referred to as a multiple
cloud strategy to get the edge servers closer to the users.

Implementation: An earlier analysis with the help of Terraform service highlighted the definition of edge
servers in AWS, Azure and GCP. Hence, the measures included CDN, caching, and load balancing.
Automation: The edge servers used in software applications were deployed and managed using GitLab
Cl. The configurations that were changed were rolled out to the specific regions applicable to the cloud
services as the default.

Outcomes: In this case, the media streaming service derived reasonable improvement in which the
latency level was brought down and availability improved. The control and distribution of the edge
servers across multiple clouds also obtained a competitive advantage since it enabled them to provide
an efficient stream of content to users worldwide [3].

Scenario 4 Healthcare Application Compliance Management.

A provider of a healthcare application was at a point of decision on whether or not the service would
run in several clouds, but the answer was that it could not because data protection laws are extremely
strict.

Implementation: The provider described the legal architectures of AWS and AZURE based on laC tools
Ansible and Terraform. Some configurations were as follows: Full disk encryption for data safety,
Encryption of data stored in the product, Safe networks that were put in place, and Compliance
instruments for Operation.

Automation: It has also covered the inclusion of the automated compliance check in the CI/CD pipeline.
All the deployments integrated the security scans and legal compliance relative to legal frameworks such
as HIPAA and GDPR.

Outcomes: This helped avoid the occasional use of unlawful ways to gain information and the
subsequent consequences, as the provider was always keen on the legalities of the matter.
Implementing Approaches in the Management of Compliance Throughout the change from paper to
electronic, the plan and the responsiveness, time and capital were saved, leading the provider to focus
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on the quality of the care and ideas [4].

scenario 5 Emerging in GSD Collaboration

Situation: One software development agency had distributed its teams all around the continents,
implying that it needed an integrated and effective SD environment.

Implementation: The firm utilized Terraform to create development environments, which, when
required, could be launched on AWS, Azure, and GCP. Terraform was used in the development
environments, while AWS CloudFormation created environments that could be deployed on AWS. Such
settings were development servers, databases and collaborative platforms.

Automation: CI/CD pipelines offered such facets as auto-provisioning and auto-updating of the
environments to deliver the resources necessary for all the teams and update them on the latest tools.
Outcomes: The advantage for the firm was that all the developers gained an additional means of
communication and efficiency; all the developers at will had similar environments for creating. This kept
the integration and deployment process progressing gradually and was thus advantageous in shortening
the total releasing cycle time and improving the quality of the produced software [5].

Graphs
Comparison of Metrics Before and After laC
Metric Before laC After laC
Operational Efficiency 60 90
Configuration Consistency 70 95
Scalability 65 85
Security Compliance 75 90
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Comparison of Metrics Before and After laC

B Before |aC
Bl After laC
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Operational Efficien€onfiguration Consistency  Scalability Security Compliance

Setup Time Improvements in Different Scenarios

Scenario Initial Setup Time (hours) Improved Setup Time (hours)
E-Commerce Expansion 50 15
Financial Services DR 60 20
Media Streaming 40 10
Optimization
Healthcare Compliance 45 12
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Services Managed with laC Across Cloud Platforms

Cloud Platform Number of Services Managed with laC
AWS 150 140
Azure 130 125
GCP 120 115
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Services Managed with 1aC Across Cloud Platforms
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Reduction in Incidents Before and After 1aC

Incident Type Before laC After 1aC
Downtime (hours) 8 2
Security Incidents 10 3

Configuration Errors 12 4

Challenges and Solutions

The following are the major difficulties for managing a DevOps system in a multi-cloud environment that
organizations face and need to solve: Interoperability forms one of the major subheadings since there is
still some ambiguity about how the system of an individual asylum will work in connecting with another:
Different cloud providers have different APls, tools and configurations; thus, achieving this much
comparative balance is impossible. Organizations utilize multiple cloud infrastructure management
tools, including Terraform, an adaptable 1aC tool, to avoid this.

This is another department that may be worse affected by the company because it lacks efficient
structures that can be put in place to meet the company's security and legal measures. Policies in
security and compliance to the various standards in the different cloud environments may not be very
manageable. The end outcome is coordinating the enforced automated security scan and compliance

1197


https://doi.org/10.61841/turcomat.v13i2.14764

Turkish Journal of Computer and Mathematics Education (TURCOMAT) ISSN: 3048-4855

]
Vol.13 No.3(2022),1189-1200

DOI: https://doi.org/10.61841/turcomat.v13i2.14764

check pipeline improvements related to security compliance. Also, it should be noted that AWS Config
and Azure Policy can be connected to enforce compliance policies [2].

Another component that must be managed efficiently in the multi-cloud environment is the costs. In any
case, if the monitoring or the optimization of costs is not well conducted, the costs will go out of control.
Helpful tools such as AWS Cost Explorer, Azure Cost Management, and Google Cloud's Cost
Management can assist you in spending and controlling what you are spending on cloud services.
Furthermore, accrued measures of applying the budget alerts and cost allocation tags can further exploit
the actualization of cost control [3][5].

One of the challenges is data handling and migration. Moving lots of data from one cloud to another is
also not easy, and data may be lost, or systems may even go down. The following risks can be managed:
The above risks can be managed by using data replication and synchronization tools and good backup
solutions. AWS DataSync, Azure Data Factory, and Google Cloud Transfer Service are some of the most
efficient tools for performing data transfer [4].

Last but not least, the lack of skills and the fact that only a few resources were assigned with the
knowledge of multi-cloud and available within the development team also pose a problem in
successfully implementing DevOps in multi-cloud environments. It calls for much training and building of
the team members on the multi-cloud tools and practices. However, such skills can be filled through
cloud provider training programmes & certifications so that the team members are familiar with
managing multi-cloud infrastructures [5].

Conclusion

Thus, based on the scenario explained in this paper, it can be concluded that the quest for the effective
implementation of DevOps with the Infrastructure as Code and the application of multi-cloud
environments with the help of discussed opportunities is the key to success both for Solution Providers'
business and their clients. But some crucial factors like the integration issues, security and compliances,
cost optimization, data conversion and scarcity of skilled employees must be well handled to leverage
the maximum out of such advantages. Thus, multi-cloud DevOps requires several solutions, including
laC, automated security checks, cost control methodologies, data replication services, and staff training.
However, these strategies make cloud solutions perform more reliably and set further development for
organizations and readiness to compete in the constantly evolving world of cloud computing.
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