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DevOps enables coordination between development and operation so applications and services can
be continuously delivered to the end user. At the same time, serverless computing is shaping up as
an architectural model under which powerful cloud applications are deployed, powered by the
ongoing transition to containerization and microservices in business models. The compound of
DevOps and serverless computing, supported by cloud infrastructure, is enabling the growth and
deployment of applications that are highly automated, scalable, and efficient. It permits developers
to focus on coding without the need to control the underlying server architecture, pairing up with
the DevOps process through practices like continuous integration and delivery with serverless
architectures. Thus, this helps accelerate development and ensures cost-effectiveness by resource
allocation to customer demand automatically. This paper intends to analyze in-depth the
transformational impact of serverless architectures on DevOps practices by discussing the
significant challenges, opportunities, and modifications required to align DevOps practices with the
event-driven and stateless nature of serverless environments. The analysis seeks to unearth the
interplay between DevOps and serverless technologies, focusing on their influence on the
development lifecycle, including development, testing, deployment, and monitoring stages. In
addition, the paper identifies benefits such as reduced infrastructure cost and improved developer
productivity.

Keywords: Function-as-a-Service (FaaS); DevOps; Continuous Integration and Continuous
Deployment (CI/CD); Serverless Architectures; Microservices; Cloud Infrastructure; Infrastructure
as Code (laC).

1. Introduction

The companies of this new digital age want to develop the most lightning-fast apps with the
highest possible quality and effectiveness. The legacy application deployments with manual
server provisioning and management approach actually look like an obstacle to this (Kontsevoi
et al., 2019). Since the introduction of serverless computing and the DevOps concepts, the
paradigm of how we deploy the application has changed, as well as the whole process of
software development, deployment, and scaling. In this whitepaper, we will dive into
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serverless computing, what it offers, and the ways it can be combined with DevOps to become
a powerful modern application delivery model (Teixeira et al., 2020).

Meanwhile, serverless architectures with their new event-driven, auto-scaling, and pay-as-
you-go models come along, which can eventually eliminate most challenges related to the
application and database deployments on cloud platforms. However, it is still seen as
unembraced by several parts because many people do not comprehend how these influence
basic, valuable DevOps principles: how such architectures affect important notions, including
CI/CD pipelines, monitoring, testing, scaling, and security. Moreover, organizations do not
have well-defined frameworks or best practices for how serverless features should align with
more basic DevOps goals, including automation, stability, and efficiency, for instance (Casale
et al., 2019). This research study aims to investigate thoroughly whether the incorporation of
serverless architecture is changing the methods in which DevOps is performed or being
affected by such infrastructure within cloud environments. Tackling this issue is key to guiding
industry experts and academics on using serverless technologies in driving next-generation
DevOps advancements (Abad, 2022).
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Figure.1 DevOps lifecycle phases!
Obijectives of the study

1. To critically analyze how serverless architectures have transformed traditional
DevOps practices in cloud infrastructure.

2. To identify the main challenges, opportunities, and adaptations needed to align
DevOps methodologies with the dynamic, event-driven, and stateless nature of serverless
computing.

3. To provide a comprehensive framework for effectively integrating DevOps and
serverless architectures, leading to improved scalability, automation, and operational
efficiency for organizations using cloud-based solutions.

! https://reliasoftware.com/blog/what-is-devops
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Background of the Study
DevOps Principles and Practices

DevOps is an inclusive and holistic organizational methodology aimed at automating the
efficient delivery of software updates while ensuring their quality and dependability (Leite et
al., 2019). It facilitates rapid and ongoing contributions from operations to development,
enabling the detection of issues prior to their impact on customers (Lopez-Pena et al., 2020).
Many businesses are extensively using DevOps in their software development settings to
enhance their delivery processes.
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Figure.2 Principles of DevOps?

DevOps is a cultural and technological initiative to improve cooperation between the
development and operational teams. The core principles of DevOps—automation, ongoing
integration, ongoing deployment, and monitoring—are designed to optimize the software
delivery process. These approaches are critical for achieving agility, reducing time to market,
and enhancing application quality. In cloud infrastructure, DevOps is applied through various
technologies that automate the deployment, testing, and monitoring, thereby decreasing the
human error rate and releasing software quickly (Mihajlovi¢ et al., 2020).

Emergence of Serverless Computing

1. Function Execution: Serverless systems execute code in response to events. These
functions run within isolated containers, thus making an environment that is both temporary
and stateless. The lack of state makes each execution of a function completely separate from
the ones executed previously. A function that takes care of the incoming HT TP requests works
separately for every request. This model of stateless execution promotes reliability, security,
and scalability (Kuusinen & Albertsen, 2019).

2 https://appinventiv.com/blog/principles-of-devops/
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2. Event Triggering: Events and triggers are needed for serverless computing. Events
may involve a variety of events, such as an HTTP request at an API endpoint, the email in a
queue, or a modification in a database. Triggers dictate the invocation of functions in reaction
to definite occurrences. The event-driven processing idea is fundamental to serverless
architecture, facilitating timely and systematic application processes (Wen et al., 2022).

3. Resource Management: Developers are relieved of the hassle of managing computing
resources such as memory, CPU, and networking since the serverless suspension automatically
caters to them. This means you do not have to be concerned about administering or availing
these resources personally. So, when you create your serverless function, you email the amount
of RAM that is required, and the system now goes Provisioning on its own. Such intelligent
resource management helps ensure that the request is completed satisfactorily and goes on to
minimize the wastage of resources (Li et al., 2023).

4. Cold Starts: One of the issues that is occasionally encountered during the deployment
of serverless architectures is the so-called “cold starts.” A cold start occurs when a function is
run for the first time or after a period of non-use. A cold start is when a serverless backend
deploys the environment for your function, which may cause some lag. Nonetheless, serverless
companies are constantly enhancing their systems to mitigate this delay. Strategies like
function warm-up and caching systems have been proposed to alleviate the impacts of cold
beginnings (Shafiei et al., 2019).

5. Scalability: Scalability is a fundamental advantage of serverless computing. The
platform autonomously adjusts resources according to the incoming workload. In the event of
increased demand, the serverless platform automatically provisions additional resources to
maintain optimal performance. Upon the reduction of traffic, the platform autonomously
decreases resource allocation, negating the need for human oversight and monitoring.

Transformative Impact of Serverless Architectures on Traditional Devops Practices
Simplified Infrastructure Management

The most notable result of serverless computing on DevOps is the substantial decrease in
infrastructure management responsibilities. Conventional DevOps teams invest considerable
effort in installing, configuring, and maintaining servers to guarantee application performance
and dependability. Serverless architecture automates these activities via the cloud provider,
allowing the DevOps team to concentrate on code development and deployment (Degutis,
2020).
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Figure.3 Next-generation application with serverless infrastructure®

1. Automated Scaling: Serverless solutions respond to demand without manual server
capacity changes.

2. Less Maintenance: Patching, updating, and monitoring the health of the server is all
taken care of by the cloud service provider with no user intervention.

Faster Deployment and Continuous Integration

Serverless computing accelerates the software development lifecycle by enabling agility in
deployment and optimizing CI/CD pipelines. DevOps teams can implement modular,
autonomous functionality instead of whole apps, creating shorter release cycles.

1. Microservices Architecture: Serverless functions fit naturally into a microservices
architecture, allowing teams to build modular and easily maintainable components.

2. Enhanced CI/CD: As we can update serverless services separately, continuous
deployment becomes seamless, reducing downtime and other deployment-related issues.

Enhanced Focus on Code and Business Logic

DevOps teams can leverage the infrastructure of a serverless platform that enables them to
spend more time writing quality code that genuinely impacts the company. This shift in focus
allows greater innovation and better alignment with corporate objectives.

Core Components of Serverless Architectures

1. Functions as a Service (FaaS): It is safe to say that FaaS is a notable element of
serverless architectures. It enables the developers to write independent functions that can be
executed to handle account-specific events. All of the functions are supposed to be stateless
because they will only perform the specific function assigned to them. Some of these functions
include managing HTTP requests, dealing with database transactions, or implementing
business logic (Lwakatare et al., 2019).

3 https://blog.clearscale.com/building-next-gen-applications-with-serverless-infrastructure/
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Figure.4 Functions as a service technology*

2. Backend as a Service (BaaS): In addition to FaaS, serverless architectures frequently
employ BaaS providers to manage backend functions such as storage management, user
management, and third-party services. They assist the developers by providing managed
services, removing the need to maintain the operational services needed by these features.

3. Event-driven Execution Model: The event-driven execution model provides the core
idea behind the serverless architected systems. Different functions can be activated by other
events, such as making a request, changing a database, receiving a message from a message
queue, or calling a scheduled task. This kind of strategy also increases flexibility and
scalability since consumers are automatically allocated resources based on requirements
without the use of any manual processes.

Benefits of Serverless Architectures

1. Cost-effectiveness and Scalability: Cost-effectiveness is one of the main advantages
of serverless computing. Since it supports a pay-per-use billing model, an organization only
incurs costs from the resources their services use. In this regard, it erases the necessity of
having upfront infrastructure investment and minimizes ongoing costs. Second, serverless
architectures provide auto-scaling, meaning that an application can readily handle changed
traffic and workload without necessarily requiring manual intervention (Du et al., 2020).

2. Simplified Operational Management: Serverless architectures allow DevOps teams to
concentrate on operational activities by alleviating the issues that are associated with
infrastructure maintenance. Without servers to provision or manage, teams are now able to
focus on writing the code and optimizing it rather than worrying about upgrading hardware or
software. This effective repetition avoids operational strains and also shortens the duration
required to launch new and improved features and applications (Mihajlovi¢ et al., 2019).

3. Enhanced Developer Productivity: Serverless architectures allow developers to focus
on implementing quality code and other novel features without worrying about any

4 https://www.wallarm.com/what/what-is-serverless-architecture
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infrastructure. There is a clear advantage to using serverless solutions as the infrastructure is
hidden, allowing for fast development and deployment cycles and for teams to pivot quickly
when client feedback is received. The environment has recession with such enhanced agility
and productivity that promotes innovation and competitive advantage.

4, Enhanced Application Resiliency: Due to their event-driven format, serverless
applications are distributed across functions and areas, which allows better workload
distribution and, hence, increases resiliency. One major drawback of traditional monolithic
systems is that they have a centralized point of failure, which causes assembly-wide outages.
In contrast, in serverless architectures, failures are contained as functions that can be
independently scaled, reducing the net effect of a failure on the environment and thereby
improving fault tolerance. Furthermore, it is common for serverless applications to have
redundancy and failover features that strengthen the application’s reliability.

Challenges and Considerations

1. Cold Start Problems and Latency: One of the key challenges of a serverless computing
model is cold start latency, also referred to as the time that passes. At the same time, a function
is triggered for the very first time or after a specific inaction time. Cold starts pose
disadvantages to applications as the performance characteristics of such a workload fail to
meet expectations, especially for tasks that are neural tasks such as low latency or real-time
workloads (Silva et al., 2020). To tackle this issue, DevOps teams may employ strategies such
as:

e  Pre-warming functions.

Optimising code for faster startup times.

Utilising provisioned concurrency options offered by serverless platforms

2. Vendor Lock-in and Portability Issues: Serverless architectures have one more
shortcoming: vendor lock-in. This occurs when the organization seeks to use the services or
the API of a particular cloud provider. Such dependency can prove to be a hindrance and
reduction of movement, making porting applications to different cloud environments quite a
challenge. In regard to this, the DevOps teams aimed at addressing these concerns need to
incorporate multi-cloud strategies. Such strategies properly utilize abstraction layers,
containerization, and open standards to limit vendor lock-ins and enhance portability across
platforms (Li et al., 2021).

3. Legal and Compliance Issues: Security and compliance are two factors of utmost
importance in serverless solutions due to the shared responsibility model that exists between
cloud service providers and their customers. The security of the underlying infrastructure is
the concern of the cloud provider, while the protection of application resources is a business
obligation. DevOps teams should engage in such activities as granting least privilege access,
encrypting important data, and setting up potential security threats supervision to avoid
operational threats and comply with legal requirements (Eismann et al., 2020).

4. Monitoring and Debugging Difficulties: There are a set of challenges involved in
monitoring and debugging serverless apps, and these challenges are a result of the event-driven
and distributed nature of serverless apps. One can highlight that in order to understand
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serverless environments, traditional monitoring tools do not come in handy. In the long run, it
becomes impossible to do performance analysis, error identification, and optimize resources.
To effectively manage and troubleshoot serverless applications, DevOps teams must use
cloud-native tools and best practices that include real-time monitoring, notifications, and
distributed tracing.

2. Case Study
Daimler Speeds App Delivery

1. The IBM case study suggests that Daimler Trucks North America (DTNA)
collaborated with IBM to improve data management and analytics skills, leaning particularly
on predictive maintenance to limit truck downtime while improving customer experience.
DTNA is also regarded as a prominent manufacturer of heavy-duty trucks. However, their
efforts to attain high levels of customer satisfaction were hampered by vehicle maintenance
and unscheduled maintenance downtimes, which also had a negative impact on operational
efficiencies (Sokolowski et al., 2021). They were in need of a technology that would assist
them in anticipating the potential challenges before they actually incurred them, which would
allow them to practice maintenance proactively.

2. Reduced Downtime: The predictive maintenance system brought about a reduction
in vehicle issues before their occurrences, which in turn helped to reduce unscheduled
maintenance and, consequently, vehicle downtime.

3. Improved Customer Satisfaction: Lower vehicle malfunctions and reduced
downtime can lead to increased satisfaction for all customers overall. This can further help
make stronger customer bonding and eventually enhance customer loyalty.

4, Operational Efficiency: In their operations, DTNA combined data from different
sources; the insights gained would help them optimize their maintenance operations to be
operationally effective as well as cost-effective.

5. The partnership with IBM allowed Daimler Trucks North America to leverage
cutting-edge technologies to enhance its predictive maintenance capabilities. In effect, it
translated to reduced failures, lower maintenance expenditure, and happier customers- quite
solid proof of the wave that Al and IoT are riding in transforming operations within the
automotive sector. (Yang et al., 2020).

JAMF Software's DevOps Journey

Another case in point is the Atlassian case study, in which the company JAMF, specializing
in Apple device management, applied DevOps to uplift its software development process as
well as collaboration between different teams. What made JAMF begin its adoption of
DevOps is a challenge that was brought up within the organization, in which scaling
development efforts without any compromise on quality and productivity became
impractical. The market was booming, and JAMF was growing fast, but there was a bottleneck
in the development team’s ability to deliver good software on time. In fact, even more so, with
the growth of their customer base opening up further complexities, they also had to grow their
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engineering capabilities (Ohtsuki & Kakeshita, 2019).

Using Atlassian (company) DevOps technologies like Jira, Bitbucket, and Bamboo, JAMF
created continuous integration and delivery (CI/CD pipeline. Through this interface, JAMF
automated software development in multiple dimensions, including code integration, testing,
and deployment. The technology improved the cooperation of the development and
operations teams to make product releases faster and more reliable.

1. Enhanced Delivery Pace: The CI/CD pipeline enabled JAMF to significantly reduce
the time taken to roll out new software releases, which accelerated time-to-market.

2. Improved Collaboration: The use of Atlassian products encouraged better
communication and collaboration between the development and operations teams, leading to
more streamlined and effective processes.

3. Improved Automation: JAMF was able to reduce human errors and maintain
consistent quality in all software releases through the automation of testing and deployment
processes.

4, Enhanced Security: Integrating security assessments into the software delivery
process (DevOps) ensured that all new software features complied and were safe to deliver —
without hindering delivery.

Through its use of Atlassian’s DevOps technologies, tight-knit JAMF was able to transform
software deliveries, enabling the firm to grow immensely while still meeting high quality and
security standards. This go-to DevOps practice led JAMF to meet its customers' rising
expectations and thrive in the Apple device management field.

NBCUniversal Drives DevOps

1. In the IBM case study, NBCUniversal is shown embracing a DevOps methodology to
optimize the application development process, leading to demonstrable improvements in
productivity, code quality, and cost savings. NBCUniversal is a large media and entertainment
company with 17 different business units, all of which have complex application development
needs. The organization struggled with improving code quality, streamlining development
processes, and reducing costs. Our Data Governance platform helps the NBCUniversal
Memorable application leverage a DevOps strategy to standardize and automate development
efforts across the enterprise (NBCUniversal, 2024).

2. NBCUniversal collaborated with IBM in developing a comprehensive DevOps
solution through IBM UrbanCode software and IBM Cloud for Skytap Solutions. This
integrated continuous integration, continuous delivery, automated testing, feedback, and
monitoring into a single, automated process. The standardization and automation of these
procedures boosted NBCUniversal's productivity and ensured consistency across its
development teams.

3. 75% Reduction in Release Time: NBCUniversal speeded up software release times,
which reduced them by 75%.

4, Faster Regression Testing: Automated procedures reduced testing time from weeks to
hours.
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3. CONCLUSION

This broad review has looked at the revolutionary impact of serverless architecture on
traditional DevOps practices in cloud infrastructure. The significant findings show that
serverless computing could revolutionize DevOps significantly through infrastructure
management automation, scalability, and cost optimization. Serverless computing and
DevOps represent a significant paradigm shift in application deployment, which enables
businesses to develop and distribute software much faster, more efficiently, and at a lower
cost. By eliminating infrastructure issues and allowing the use of automation, serverless
computing lets developers focus on business logic; this allows for faster development cycles
and increased time-to-market. By comprehending the principal constraints and prospects and
by implementing a holistic framework for integration, organizations may proficiently use
serverless technologies to augment automation, boost scalability, and attain superior
operational efficiency. Current research and developments in serverless computing, alongside
the capabilities of DevOps, are poised to establish the groundwork for the forthcoming
generation of cloud-based application delivery, enhancing efficiencies and revolutionizing
business operations and service delivery to end-users.
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