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ABSTRACT: This review explores the transformative role of serverless computing in modern enterprise IT, examining its impact
on infrastructure management, scalability, and cost efficiency. As organizations increasingly shift from monolithic and container-
based architectures to event-driven, serverless models, this paper investigates the strategic drivers behind adoption, including the
elimination of server management, improved developer productivity, and enhanced agility. Key findings reveal that serverless
computing significantly reduces operational overhead and enables rapid deployment of microservices, though challenges such as
vendor lock-in, cold start latency, and observability limitations persist. The review evaluates various serverless platforms—such as
AWS Lambda, Azure Functions, and Google Cloud Functions—highlighting differences in performance, pricing models, and
integration capabilities. It also assesses enterprise use cases ranging from data processing and real-time analytics to backend services
for web and mobile applications. The analysis underscores the importance of aligning serverless strategies with business goals,
governance frameworks, and security policies. In conclusion, serverless computing offers a compelling paradigm for enterprises
seeking to accelerate digital transformation, optimize resources, and drive innovation. However, careful consideration of its
limitations and strategic implementation is critical to maximizing its benefits in complex IT environments.
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1. INTRODUCTION

1.1. Evolution of Enterprise IT Architectures:
Introduction to the transformation of enterprise
computing from traditional monolithic infrastructures to
cloud-native.

The evolution of enterprise information technology (IT)
architectures over the past two decades has been
characterized by a paradigmatic shift from monolithic
infrastructures to agile, cloud-native, and serverless
environments. Traditional enterprise computing systems were
predominantly designed around monolithic architectures,
where software applications were built as single, indivisible
units. These systems were often hosted on dedicated on-
premises servers and tightly coupled with proprietary
hardware and software configurations. While such setups
provided a degree of control and stability, they were
inherently limited by scalability constraints, high
maintenance costs, and inflexible deployment cycles (Bass,
Clements and Kazman, 2012).

The advent of virtualization and cloud computing marked a
significant turning point in enterprise architecture. With the
emergence of Infrastructure-as-a-Service (IaaS) and
Platform-as-a-Service (PaaS), organizations began migrating
from physical infrastructure to cloud-hosted environments,
gaining benefits in terms of scalability, elasticity, and
operational cost-efficiency (Armbrust et al., 2010). Cloud-
native design principles, such as microservices,

containerization, and continuous delivery, became central to
this new era. These principles facilitated modular application
development and enabled enterprises to build resilient,
scalable systems that are easier to maintain and deploy
(Richardson, 2018).

Serverless computing, also known as Function-as-a-Service
(FaaS), represents the next stage in this architectural
transformation. Unlike monolithic and even microservice-
based architectures, serverless abstracts away the need for
server provisioning and management. Developers focus
solely on writing and deploying code, while the cloud
provider dynamically manages the infrastructure, scaling
functions in response to demand and automatically handling
resource allocation (Baldini et al., 2017). This model not only
reduces the operational burden but also accelerates time-to-
market and enhances developer productivity. Enterprises
increasingly adopt serverless architectures for their capacity
to support highly responsive, event-driven applications
without the overhead of managing underlying systems (Adzic
and Chatley, 2017).

The transition towards serverless is underpinned by broader
digital transformation imperatives. As businesses strive to
innovate rapidly in competitive and volatile markets, 1T
departments must deliver applications faster and more
efficiently. Serverless computing addresses this need by
enabling rapid prototyping, agile deployments, and seamless
scalability. It aligns with the DevOps philosophy by fostering
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automation, continuous integration, and delivery pipelines
(Villamizar et al., 2016). Moreover, the pay-per-use pricing
model of serverless services reduces infrastructure costs, as
enterprises are billed only for actual usage, unlike traditional
always-on systems (Lynn et al., 2017).

Despite these advantages, the adoption of serverless
computing is not without challenges. Enterprises must
contend with cold start latency issues, limited execution
duration, and dependency on specific vendor ecosystems—
factors that can complicate application performance and
portability.  Furthermore, concerns around security,
debugging complexity, and observability require careful
architectural planning and tool integration. Nonetheless, the
ongoing evolution of serverless frameworks and the growing
maturity of enterprise-grade solutions continue to mitigate
many of these concerns.

From a strategic standpoint, serverless computing is
increasingly viewed not just as a technological innovation but
as a catalyst for business agility and digital competitiveness.
Organizations that effectively harness the benefits of
serverless architecture can achieve faster innovation cycles,
improve customer responsiveness, and optimize resource
allocation. Consequently, the transition from monolithic to
serverless is not merely a technical upgrade but a fundamental
shift in how enterprises conceptualize and execute digital
services (Jonas et al., 2019).

In light of this transformation, this review examines the
development and impact of serverless computing within
modern enterprise IT systems. It evaluates the architectural
changes, operational benefits, and implementation challenges
associated with serverless models. By exploring platform
offerings, enterprise use cases, and strategic considerations,
the review aims to provide a comprehensive understanding of
the role serverless computing plays in shaping the next
generation of enterprise technology. The goal is to elucidate
how enterprises can leverage serverless solutions to enhance
agility, reduce costs, and drive innovation while managing
inherent trade-offs and implementation complexities.

1.2. Objectives of the Review

As the digital economy evolves, organizations are
increasingly compelled to adopt IT systems that are agile,
cost-efficient, and scalable. Serverless computing has
emerged as a promising paradigm in this context, offering a
new approach to building and operating applications without
the need for server management. This review seeks to
critically examine the role of serverless computing in modern
enterprise [T systems by outlining its key benefits,
architectural considerations, operational implications, and
strategic relevance to business transformation.

One of the primary objectives of this review is to provide a
detailed understanding of the technological foundations of
serverless computing. It investigates how serverless differs
from traditional and cloud-native models, emphasizing the
abstraction of infrastructure, event-driven execution models,
and dynamic scaling. By analyzing the technical mechanisms

that drive serverless architecture, the review aims to help IT
professionals and decision-makers better comprehend how
serverless fits into the broader ecosystem of enterprise
computing.

Another important objective is to evaluate the operational and
economic advantages associated with serverless computing.
Enterprises are continually looking to reduce costs, improve
time-to-market, and enhance resource utilization. Serverless
models offer a pay-as-you-go pricing structure, which aligns
well with these goals. This review explores how this model
reduces infrastructure overhead and supports cost-efficient
deployments for various application workloads, including
real-time processing, backend services, and data analytics.
In addition to highlighting benefits, the review focuses on the
challenges and limitations of serverless computing. Although
the model reduces operational complexity, it introduces new
difficulties such as cold start delays, observability limitations,
execution time constraints, and increased dependency on
specific cloud providers. These challenges have implications
for application performance, system reliability, and long-term
architectural flexibility. By analyzing these limitations, the
review provides a balanced perspective that supports
informed decision-making in enterprise contexts.

The review also explores how serverless computing supports
digital transformation initiatives. Enterprises are under
pressure to innovate quickly and deliver value through digital
channels. Serverless computing, by enabling rapid
prototyping, scalable deployment, and integration with
continuous delivery pipelines, can be a strategic enabler of
business agility. The review examines how organizations
leverage serverless to accelerate development lifecycles and
respond swiftly to market changes.

A further objective is to offer a comparative analysis of
leading serverless platforms. With multiple providers offering
diverse serverless solutions, enterprises must navigate
complex decisions when selecting the most suitable platform.
This review evaluates major platforms based on performance,
integration, deployment models, and pricing structures. The
aim is to assist enterprises in selecting solutions that align
with their technical requirements, compliance needs, and
long-term strategic goals.

Lastly, the review identifies current gaps in research and
practical implementation, proposing areas for further
exploration. These include multi-cloud serverless strategies,
standardized development frameworks, cross-platform
compatibility, and enhanced monitoring tools. By mapping
these areas, the review contributes to the ongoing evolution
of best practices and research priorities in enterprise
serverless computing.

In addressing these objectives, the review offers a
comprehensive perspective on how serverless computing is
shaping modern enterprise IT strategies. It bridges the gap
between technical innovation and business impact, presenting
a structured analysis that aids organizations in evaluating the
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potential of serverless computing to meet their operational
demands, innovation goals, and competitive challenges.

1.3 Clarification of the review’s aim to explore serverless
computing principles, its applications in enterprise
environments, and the implications for scalability, cost,
and agility.

The continued evolution of enterprise information systems
has underscored the necessity for computing paradigms that
promote agility, efficiency, and innovation. In this context,
serverless computing has emerged as a groundbreaking
architectural model, offering enterprises the ability to execute
application code without the need to provision, manage, or
scale underlying infrastructure. This review is undertaken
with the aim of exploring the foundational principles of
serverless computing, its diverse applications within
enterprise environments, and the far-reaching implications it
holds for scalability, cost optimization, and organizational
agility.

At its core, serverless computing—often operationalized
through Function-as-a-Service (FaaS)—enables developers
to deploy discrete units of code that are triggered by events
and executed in ephemeral containers managed entirely by
cloud providers. Unlike traditional server-based or even
containerized approaches, serverless abstracts server
management from the developer, allowing organizations to
focus on application logic and user outcomes rather than
infrastructure provisioning and scaling logistics. This shift
not only redefines software development lifecycles but also
introduces a new cost model based on consumption, where
organizations pay only for actual compute usage, rather than
pre-allocated resources (Lynn et al., 2017). Consequently,
serverless has become an attractive option for enterprises
aiming to reduce operational overhead while simultaneously
accelerating deployment cycles.

This review seeks to examine how serverless principles are
being applied across various enterprise scenarios, ranging
from the orchestration of microservices and real-time data
analytics to the development of responsive web and mobile
applications. Through a critical evaluation of current
implementations, platform capabilities, and architectural
frameworks, the review aims to highlight how serverless
computing is transforming the way enterprises design,
deploy, and manage software systems. It considers both
internal IT operations and customer-facing services, drawing
attention to the growing prevalence of event-driven
architectures that are inherently scalable and responsive to
user demand.

Scalability is one of the most compelling attributes of
serverless computing, particularly for organizations with
fluctuating or unpredictable workloads. In traditional
systems, achieving horizontal scaling often requires complex
configurations and proactive resource planning. By contrast,
serverless platforms dynamically allocate resources in real
time, ensuring that applications can seamlessly accommodate
spikes in demand without manual intervention (Adzic and

Chatley, 2017). This capability not only enhances application
reliability but also aligns with business goals of maintaining
consistent performance during peak usage periods.

In parallel with scalability, this review explores the economic
implications of serverless adoption. The serverless cost
model  diverges fundamentally from  conventional
infrastructure pricing. Instead of incurring costs based on
provisioned compute resources, organizations are billed in
sub-second increments for actual code execution, thereby
minimizing idle capacity and overprovisioning. This has
significant implications for cost management, especially for
small-to-medium-sized enterprises or departments within
larger organizations operating on constrained budgets. The
review evaluates how different pricing models affect total
cost of ownership and how enterprises can optimize their
usage of serverless platforms to maximize financial
efficiency.

Moreover, this review addresses the impact of serverless
computing on enterprise agility. In an increasingly
competitive digital environment, time-to-market for new
products and features is critical. Serverless fosters agility by
facilitating rapid prototyping, continuous deployment, and
modular code development. Its compatibility with DevOps
practices and CI/CD pipelines further enables development
teams to iterate quickly and deliver software updates without
the delays traditionally associated with infrastructure
configuration and deployment (Villamizar et al., 2016). The
review analyzes case studies and industry practices that
illustrate how enterprises are using serverless computing to
gain a competitive edge through accelerated innovation.

In clarifying the scope of this review, it is equally important
to consider the limitations and trade-offs associated with
serverless computing. While the abstraction of infrastructure
introduces numerous benefits, it also imposes constraints,
including cold start latency, limited execution duration, and
vendor lock-in risks. Furthermore, the reduced visibility into
the underlying infrastructure complicates debugging,
monitoring, and performance optimization. These issues are
particularly pertinent in regulated industries, where
compliance, auditability, and system predictability are
critical. This review evaluates these concerns within
enterprise contexts and assesses emerging solutions aimed at
mitigating such challenges.

Ultimately, the aim of this review is to provide a well-
rounded, evidence-based analysis of serverless computing
within enterprise IT systems. It contributes to the academic
and professional discourse by synthesizing recent
developments, identifying best practices, and highlighting
areas where further exploration is needed. By doing so, the
review not only enhances the understanding of serverless
computing principles but also equips enterprise stakeholders
with the insights necessary to make informed strategic
decisions regarding its adoption and integration.
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1.4. Challenges with Traditional and Cloud-Based
Models.

The evolution of enterprise computing from legacy on-
premises systems to cloud-based infrastructures has
undeniably brought about significant advancements in
scalability, accessibility, and resource management.
However, both traditional and cloud-native models—
particularly Infrastructure-as-a-Service (IaaS) and Platform-
as-a-Service (PaaS)—continue to exhibit core limitations that
impede operational efficiency, cost control, and
organizational agility. These challenges have highlighted the
need for a more streamlined computing paradigm, leading to
the emergence of serverless computing as a solution to long-
standing structural inefficiencies in enterprise IT.

Traditional enterprise systems were largely built upon
monolithic architectures supported by dedicated physical
servers. These systems, while effective for stable and
predictable workloads, are not inherently designed to
accommodate the dynamic demands of modern digital
operations. One of the most critical issues with such models
is the tendency toward overprovisioning. In order to ensure
reliability during peak periods, organizations allocate
substantial infrastructure resources, much of which remains
underutilized during normal operation. This leads to
increased capital and operational expenditures, resulting in
poor resource efficiency and inflated total cost of ownership.
Beyond overprovisioning, traditional infrastructure requires
considerable manual effort to provision hardware, configure
environments, apply updates, manage patches, and ensure
system uptime. These maintenance responsibilities create an
administrative  burden that detracts from strategic
development objectives and often slows the pace of
innovation. Furthermore, the lack of automation and
integration in legacy systems frequently results in isolated,
siloed environments that hinder collaboration and scalability
across enterprise functions.

In response to the rigidity of traditional systems, laaS and
PaaS models introduced more flexible, on-demand
approaches to infrastructure and application development.
laaS enables enterprises to provision virtual machines,
storage, and networking through cloud providers, while PaaS
offers managed platforms for deploying applications without
dealing with underlying hardware. While these models offer
improvements in cost flexibility and deployment speed, they
are not without limitations. IaaS still requires considerable
configuration and operational oversight, including operating
system management, security enforcement, and runtime
optimization. PaaS platforms, although more automated, can
present compatibility constraints, customization limitations,
and potential lock-in to proprietary environments.

Scalability within IaaS and PaaS ecosystems, while more
achievable than in traditional environments, is not inherently
seamless. Enterprises are often required to define explicit
scaling rules or manage complex orchestration systems to
ensure that resources are allocated effectively. Auto-scaling

features may require tuning, monitoring, and contingency
planning, particularly when dealing with unpredictable traffic
patterns or highly variable workloads. As a result,
organizations may continue to struggle with either
underperformance or unnecessary resource allocation, both of
which negatively impact operational outcomes.

Security and compliance considerations further complicate
the use of traditional and cloud-based models. Ensuring data
protection, regulatory adherence, and system resilience
demands a proactive approach to security monitoring, threat
detection, access control, and incident response. In many
cases, the shared responsibility model adopted by cloud
providers adds a layer of ambiguity, requiring enterprises to
establish and enforce security policies that bridge the
operational divide between provider and user.

Another persistent challenge is the operational complexity
involved in maintaining high availability and reliability
across distributed systems. As applications become more
complex and modular—especially with the adoption of
microservices—enterprises are tasked with deploying,
managing, and monitoring numerous interconnected services.
This requires integration with external orchestration, logging,
monitoring, and service discovery tools, which increases both
the technical overhead and the risk of failure due to
misconfiguration or interdependency issues.

These constraints are further amplified in environments that
demand rapid innovation and continuous delivery.
Enterprises seeking to maintain competitive advantage must
frequently release updates, deploy new features, and adapt
services in response to market feedback. Traditional and
cloud-based models often fail to support the pace and
flexibility required for such rapid iteration, as they rely on
deployment pipelines and infrastructure management
workflows that introduce latency and complexity into the
development lifecycle.

Serverless computing emerges as a direct response to these
systemic issues. By abstracting infrastructure management
from the development process, serverless platforms allow
developers to focus solely on business logic and application
functionality. Code is executed in response to defined events,
with the cloud provider automatically managing the
provisioning, scaling, and maintenance of the underlying
environment. This model effectively eliminates the need for
overprovisioning, reduces the burden of infrastructure
maintenance, and provides near-instant scalability based on
real-time demand.

In essence, serverless computing addresses the inefficiencies
of both legacy and cloud-native models by offering a
simplified, event-driven architecture that minimizes
operational overhead and maximizes resource utilization. It
provides a clear path forward for enterprises that require
agility, scalability, and cost efficiency without the complexity
of infrastructure management. The remainder of this review
will explore how serverless computing builds on these
advantages to transform enterprise IT, enabling organizations
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to align their technology infrastructure with strategic
innovation goals.

2. LITERATURE REVIEW

2.1. Fundamentals of Serverless Computing: Explanation
of core concepts, including Function-as-a-Service (FaaS),
event-driven architecture.

Serverless computing represents a paradigm shift in cloud
computing by abstracting infrastructure management and
enabling developers to focus solely on writing and deploying
code. At its core, serverless computing decouples application
logic from infrastructure provisioning, often operationalised
through Function-as-a-Service (FaaS) and event-driven
architectures. This model dramatically enhances scalability,
elasticity, and cost-efficiency while reducing operational
complexity.

Function-as-a-Service (FaaS) is a foundational component of
serverless architectures. It enables developers to execute
modular functions in response to specific events, without the
need to provision or manage servers. FaaS frameworks
typically support stateless functions that are instantiated on
demand and scale automatically. According to Yussupov
(2024), the architectural design of FaaS simplifies
development by offering fine-grained control over resources
and improved isolation, making it ideal for microservices and
dynamic workloads. The granularity of FaaS also allows for
efficient billing models based on actual usage, rather than pre-
allocated resources.

The abstraction from infrastructure in serverless computing
allows developers to shift their focus away from managing
virtual machines, containers, or operating systems. This layer
of abstraction is what distinguishes serverless from traditional
cloud-native approaches. As Mallellu, Maheswari and
Aluvalu (2024) explain, serverless platforms handle auto-
scaling, availability, and fault tolerance without user
intervention. This approach enables faster development
cycles and supports agile methodologies by reducing
deployment friction and infrastructure overhead.
Event-driven architecture (EDA) is another critical
component of serverless computing. In this model,
applications react to events such as HTTP requests, database
updates, or messaging queue triggers. These events serve as
the catalyst for function invocation, creating a responsive and
decoupled system. As noted by Zangana and Sallow (2024),
event-driven  computing promotes modularity and
asynchronous processing, which are essential for building
scalable and resilient applications. By decoupling producers

and consumers of events, EDA facilitates better resource
utilisation and allows systems to scale horizontally in real
time.

The distinction between FaaS and serverless computing is
subtle yet significant. While all FaaS implementations are
serverless, not all serverless systems are FaaS. Manner (2023)
underscores this differentiation by emphasising that
serverless encompasses a broader category, including

Backend-as-a-Service (BaaS), which provides managed
services like databases and authentication. Nevertheless,
FaaS remains the most prominent serverless execution model
due to its simplicity, granularity, and direct alignment with
microservice design patterns.

From a development and operational standpoint, serverless
computing enhances agility and efficiency. Developers can
deploy small units of code rapidly and iterate without the
constraints of traditional infrastructure. According to Rajan
(2020), serverless models foster a pay-per-execution model,
significantly lowering costs for applications with variable or
unpredictable workloads. This operational model is
particularly advantageous for startups and enterprises aiming
to minimise infrastructure investment while maximising
scalability.

Furthermore, serverless computing embodies a shift in
architectural mindset—away from monolithic and stateful
designs towards stateless, ephemeral functions. As discussed
by Manner (2024), this transition requires rethinking software
engineering principles, especially around testing, debugging,
and deployment strategies. It necessitates robust
observability tools and advanced monitoring techniques to
ensure performance and reliability in ephemeral
environments.

The academic and industrial interest in serverless computing
continues to grow, driven by its alignment with DevOps and
continuous delivery practices. As Gilbert (2024) posits,
serverless aligns seamlessly with event-driven microservices,
empowering organisations to innovate rapidly and respond to
changing market demands. This capability is particularly
relevant in the context of Internet of Things (IoT), artificial
intelligence, and real-time analytics, where scalability and
responsiveness are paramount.

Serverless computing, through the integration of Function-as-
a-Service, event-driven architectures, and infrastructure
abstraction, represents a transformative evolution in cloud
computing. By minimising operational burdens and enabling
fine-grained scalability, it allows developers to build agile,
cost-effective, and resilient systems. The literature affirms
that serverless computing is not merely a technological
innovation, but a paradigm shift that redefines how
applications are architected, developed, and managed.

2.2. Serverless Architecture in Enterprise Use Cases:
Review of how serverless is applied in enterprises for
microservices, automation, API gateways, and data
processing pipelines.

Serverless architecture has gained substantial traction within
enterprise environments due to its ability to streamline
deployment, enhance scalability, and reduce operational
overhead. The adoption of serverless computing in domains
such as microservices, process automation, API gateway
management, and data processing pipelines demonstrates its
relevance for complex, distributed enterprise systems. By
abstracting server management responsibilities and enabling
event-driven execution, enterprises can focus on core
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functionalities and innovation rather than infrastructural
maintenance.

One of the most prominent applications of serverless
architecture in the enterprise landscape is its role in
supporting  microservices. Microservices  architectures
require high modularity and loose coupling, attributes that
align well with the serverless paradigm. Each microservice
can be implemented as an independent function, which is
deployed, scaled, and managed autonomously. Cristofaro
(2023) elaborates on the integration of serverless computing
into an enterprise resource planning (ERP) system,
demonstrating that serverless-enabled microservices allow
enterprises to deploy highly scalable, resilient, and event-
responsive applications with minimal infrastructural
dependencies (Cristofaro, 2023).

Automation within enterprise systems benefits significantly
from serverless models. Serverless functions can be triggered

by events in continuous integration/continuous delivery
(CI/CD) pipelines, orchestrating tasks such as testing,
deployment, and monitoring. Ivanov and Smolander (2018)
show how the implementation of DevOps pipelines using
Amazon API Gateway and AWS Lambda enables seamless
automation of software delivery processes, enhancing the
agility and responsiveness of enterprise operations (Ivanov
and Smolander, 2018). Similarly, Ouyang et al. (2023)
demonstrate that serverless functions integrated with API
gateways enable secure automation in cross-border logistics,

supporting both compliance and scalability (Ouyang et al.,
2023).

API gateway integration is another key area where serverless
architecture proves indispensable in enterprise environments.
Serverless systems use API gateways to route client requests
to functions, enforce security policies, and perform
authentication. The use of API gateways decouples frontend
interfaces from backend services, ensuring modularity and
flexibility. Adewale (2025) outlines the role of API-first
principles in facilitating enterprise migration to serverless
infrastructures, particularly within retail sectors. The
integration of serverless functions with API gateways
supports stateless, on-demand execution of services, reducing
latency and improving maintainability (Adewale, 2025).
Data processing pipelines in enterprises also benefit from the
event-driven and elastic nature of serverless computing.
Traditional data pipelines often struggle with fixed resource
allocation, resulting in inefficient use during variable
workloads. Serverless systems resolve this by enabling
compute resources to scale with data volume and frequency
of events. Desai and Goel (2025) note that scalable data
pipelines built on serverless architectures significantly
improve performance in enterprise data analytics, enabling
automation of tasks such as preprocessing, transformation,
and real-time reporting (Desai and Goel, 2025). Furthermore,
Shojaee Rad and Ghobaei-Arani (2024) offer a taxonomy of
serverless data pipeline approaches, illustrating how
enterprises leverage FaaS to support model training, data

ingestion, and pipeline orchestration with minimal
management overhead (Shojace Rad and Ghobaei-Arani,
2024).

In manufacturing and industrial settings, serverless solutions
support edge-to-cloud data transmission and real-time
analytics. Poojara, Dehury and Jakovits (2022) discuss how
cloud-based serverless data pipelines collect and process [oT
data for smart manufacturing, enabling timely decision-
making and predictive maintenance (Poojara, Dehury and
Jakovits, 2022). Similarly, Hyviamaki (2019) emphasizes the
automation of cloud data pipelines for enterprise operations,
where serverless orchestrators dynamically coordinate

functions to process and distribute data in response to system
events (Hyvdmiki, 2019).

Enterprise interest in serverless data orchestration systems
continues to evolve as function chaining, state management,
and event choreography mature. Mathew, Andrikopoulos and
Blaauw (2024) propose pattern-based designs for serverless
orchestration, enabling enterprises to maintain robust control
over data workflows while leveraging the elasticity of
serverless platforms (Mathew, Andrikopoulos and Blaauw,
2024).

Serverless architecture is reshaping enterprise computing
across multiple domains. By fostering modular
microservices, streamlining automation, optimizing API
management, and enabling scalable data pipelines, serverless
systems empower enterprises to innovate rapidly while

maintaining operational efficiency. The literature consistently
underscores the strategic value of adopting serverless
paradigms, especially as digital transformation and data-
centric business models become increasingly dominant.

2.3. Benefits of Serverless Computing in Enterprise IT:
Discussion of  scalability, cost-efficiency, rapid
deployment, and developer productivity enabled by
serverless models.

Serverless computing has rapidly evolved into a cornerstone
of modern enterprise IT due to its compelling benefits across
key operational domains, including scalability, cost-
efficiency, deployment speed, and developer productivity.
Unlike traditional computing models, serverless abstracts
away server management, allowing enterprises to focus
exclusively on application logic. This architectural shift
enables dynamic, on-demand resource allocation,
contributing significantly to the agility and cost optimization
strategies of IT departments.

Scalability is one of the most prominent advantages offered
by serverless computing. The model inherently supports
horizontal scaling, enabling applications to automatically
adjust to workload fluctuations. As demand increases or
decreases, the serverless platform provisions and de-
provisions resources without human intervention. According
to Ugwueze, this elasticity allows applications to maintain
optimal performance under varying traffic conditions, which
is particularly beneficial for enterprises managing
unpredictable workloads (Ugwueze, n.d.).
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Another critical benefit of serverless computing in enterprise
IT is cost-efficiency. The pay-as-you-go model eliminates the
need for overprovisioning and allows organizations to pay
only for the exact resources consumed during function
execution. This financial optimization reduces operational
expenditures significantly. Bhardwaj (n.d.) highlights that
enterprises benefit from cost transparency and reduced total
cost of ownership by offloading infrastructure maintenance to
cloud providers (Bhardwaj, n.d.). Weyori, Mohammed, and
Tetteh (n.d.) further affirm that serverless platforms remove
fixed costs associated with idle resources, leading to
enhanced budgetary control for enterprise CIOs (Weyori,
Mohammed and Tetteh, n.d.).

Rapid deployment and time-to-market advantages are also
hallmarks of serverless computing. With the abstraction of
infrastructure, development teams can focus on coding and
testing business logic without the overhead of provisioning

and configuring environments. Patel and Wei (2024) argue
that this streamlined deployment pipeline reduces lead times
and supports continuous integration/continuous delivery
(CI/CD) practices, which are essential for maintaining
competitive advantage in fast-paced industries (Patel and
Wei, 2024). This operational speed is complemented by the
serverless model’s support for modular and stateless function
deployment, which allows developers to release discrete
functionalities without affecting the broader system.
Developer productivity is significantly enhanced in serverless
environments, owing to the reduced responsibility for
managing runtime infrastructure. Developers can build, test,
and deploy code faster, focusing on innovation and feature
delivery. Ahmed et al. (n.d.) note that serverless fosters a
more focused development environment where teams are
liberated from system administration concerns, resulting in
greater code quality and faster iteration cycles (Ahmed et al.
n.d.). Goar and Yadav (2024) reinforce this by emphasizing
how serverless platforms integrate seamlessly with modern
development tools, enhancing collaboration and minimizing
operational bottlenecks (Goar and Yadav, 2024).

While the benefits are numerous, it is important to note that
enterprises must implement best practices and governance
frameworks to fully capitalize on the advantages of serverless
computing. Kodakandla (2021) suggests that organizations
must invest in observability, security, and function
orchestration strategies to mitigate risks and ensure optimal
performance in distributed environments (Kodakandla
2021). Moreover, Guhan, Sekhar, and Revathy (2025)
conclude that despite challenges such as cold start latency and

vendor lock-in, the financial and operational benefits of
serverless computing outweigh the limitations for most
enterprise use cases (Guhan, Sekhar and Revathy, 2025).

Serverless computing has established itself as a
transformative technology within enterprise IT. Its
capabilities in enabling scalability, ensuring cost-efficiency,
accelerating  deployment, and enhancing developer
productivity align with the strategic goals of modern

enterprises. The literature consistently underscores that with
the right implementation practices, serverless models offer a
powerful framework for building agile, resilient, and cost-
effective enterprise applications.

2.4. Limitations and Operational Concerns: Examination
of cold-start latency, debugging complexity, vendor lock-
in, and observability challenges in serverless
environments.

Serverless computing, while transformative in its benefits, is
not devoid of significant limitations and operational
challenges. These constraints become particularly
pronounced in enterprise environments that demand
performance predictability, advanced observability, and
seamless integration across diverse platforms. Key among the
limitations are cold-start latency, debugging complexity,
vendor lock-in, and observability deficits, all of which can
impede the operational reliability and agility of serverless
applications.

Cold-start latency is one of the most commonly cited
limitations of Function-as-a-Service (FaaS) platforms. Cold
starts occur when a function is invoked after a period of
inactivity, necessitating the underlying cloud platform to
initialize a new container or execution context. This latency,
although often measured in milliseconds to seconds, can be
detrimental to wuser experience, especially for latency-
sensitive applications. Cold-start delays can hinder real-time
responsiveness, particularly in environments requiring
consistent low-latency interactions such as IoT or financial
trading platforms. The latency is often exacerbated by the
runtime environment, with interpreted languages like Python
or JavaScript typically exhibiting higher cold-start durations
than compiled languages like Go or Rust.

Debugging complexity is another notable challenge in
serverless environments. Traditional debugging tools, such as
breakpoints and stack traces, are not directly applicable due
to the distributed and ephemeral nature of serverless
functions. The stateless execution model and restricted
runtime environments often limit the availability of
contextual information necessary for root cause analysis.
Developers are frequently constrained to wusing log
aggregation tools and asynchronous monitoring techniques,
which may not provide the immediacy and granularity needed
for effective debugging. Moreover, the fragmentation of
application logic across numerous functions complicates the
identification and resolution of bugs during integration
testing.

Vendor lock-in poses a strategic risk for organisations
adopting serverless architectures. Due to proprietary APIs,
platform-specific ~ configurations, and the lack of
standardisation across providers, migrating applications from
one cloud vendor to another can require significant re-
engineering. While serverless platforms like AWS Lambda,
Google Cloud Functions, and Azure Functions offer powerful
abstractions, they do so at the cost of portability and
interoperability. This tight coupling with vendor ecosystems
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can lead to increased switching costs and constrained
innovation, as enterprises become dependent on the feature
set and limitations of a single provider. Additionally, the
serverless development lifecycle often becomes entangled
with provider-specific services such as API gateways, event
buses, and identity management systems, further deepening
the dependency.

Observability challenges in serverless environments stem
from the lack of control and visibility into the underlying
infrastructure. ~ Unlike  monolithic or containerised
applications, where developers have access to host-level
metrics and persistent states, serverless abstracts these layers,
often obscuring key performance indicators. This lack of
transparency complicates root cause analysis, performance
tuning, and capacity planning. Although cloud providers offer
monitoring tools, these are often limited in scope and
granularity, providing high-level metrics without the ability
to trace function execution at a fine-grained level. To mitigate
these observability gaps, enterprises must invest in
distributed tracing frameworks and adopt structured logging
practices to correlate events across functions and services.

In response to these limitations, best practices and
architectural patterns have emerged to reduce their impact.
Techniques such as provisioning "warm" containers through
scheduled function invocations can reduce cold-start
penalties. Implementing vendor-agnostic tooling and using
abstraction layers such as the Serverless Framework or
Knative can help mitigate lock-in risks. Furthermore, the
adoption of observability-focused practices—including
centralized logging, metrics instrumentation, and trace
correlation—are critical for maintaining operational control
in serverless deployments.

Nonetheless, these workarounds add complexity and may
offset some of the benefits that make serverless attractive.
The very abstractions that simplify deployment and scaling in
serverless architectures are also those that introduce new
dimensions of operational complexity. Therefore,
organisations must carefully evaluate trade-offs when
adopting serverless solutions, particularly in mission-critical
or compliance-sensitive contexts.

Serverless computing offers compelling benefits, but it also
presents non-trivial limitations and operational concerns.
Cold-start latency, debugging challenges, vendor lock-in, and
limited observability can constrain its effectiveness in
enterprise IT. These issues require thoughtful architectural
decisions, enhanced tooling, and rigorous operational
governance. As the ecosystem matures, addressing these
challenges will be critical to unlocking the full potential of
serverless computing.

2.5. Comparison with Other Cloud Computing Models.

The evolution of cloud computing has produced various
architectural paradigms, including Infrastructure-as-a-
Service (IaaS), Platform-as-a-Service (PaaS), container-
based systems, and most recently, serverless computing.
While all these models aim to provide scalable, on-demand

computing resources, they differ significantly in their
abstraction levels, operational complexity, cost structures,
and ideal use cases. A comparative analysis reveals the
distinctive advantages and limitations of each, offering
insights into their suitability across enterprise contexts.

Serverless computing abstracts infrastructure management
entirely, allowing developers to deploy code as discrete
functions that scale automatically in response to events. In
contrast, [aaS provides virtualised hardware resources such
as virtual machines, leaving the responsibility for
provisioning, scaling, and patching largely with the user.
Kodakandla (2021) notes that serverless computing
dramatically reduces management overhead by eliminating
the need for server configuration, whereas laaS offers greater
control at the expense of operational burden (Kodakandla
2021). This trade-off positions serverless as ideal for short-
lived, stateless applications, while IaaS is better suited for

legacy workloads and applications with complex
customisation requirements.

Cost is another major differentiator. Serverless computing
operates on a pay-per-execution model, meaning users are
charged only for the duration and memory consumption of
function invocations. This model is inherently more cost-
efficient for variable or intermittent workloads. In contrast,
IaaS and even many PaaS offerings operate on a pay-for-
allocation basis, where charges accrue based on allocated
resources regardless of utilisation. Cordingly, Shu, and Lloyd
(2020) argue that serverless computing can significantly
lower operational expenses, especially for microservice-
based applications, although the cost advantage may diminish
for long-running or compute-intensive tasks (Cordingly, Shu
and Lloyd, 2020).

PaaS abstracts a layer above IaaS by providing managed
environments for deploying applications, often including
databases, runtime environments, and application servers.
While PaaS reduces complexity compared to IaaS, it still
requires developers to manage scaling and lifecycle
operations. Van Eyk et al. (2018) emphasise that serverless
takes abstraction further by eliminating the need to manage
runtime environments entirely, making it optimal for agile
development and rapid iteration (Van Eyk et al., 2018).
However, the trade-off is reduced control over execution
environments and limited configuration flexibility.
Container-based systems, popularised through technologies
like Docker and orchestrated via platforms like Kubernetes,
provide a balance between flexibility and abstraction.
Containers offer consistency across development and

production environments and are particularly suited for
complex, stateful applications that require predictable startup
times and multi-container orchestration. Kambala (2023)
observes that while containers offer superior portability and
runtime control compared to serverless functions, they
impose a higher management overhead, particularly in
scaling, networking, and resource allocation (Kambala
2023). Serverless, by contrast, excels in use cases requiring
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fine-grained scalability and rapid provisioning but may
struggle in applications demanding persistent state or inter-
function orchestration.

From a use-case perspective, serverless computing thrives in
scenarios such as real-time data processing, scheduled tasks,
backend APIs, and microservices. Eismann, Scheuner, and
Van Eyk (2020) provide empirical evidence showing that
serverless architectures are especially beneficial in event-
driven and bursty workloads due to their granular billing and
instantaneous scalability (Eismann, Scheuner and Van Eyk,
2020). Containers are preferred in scenarios that require
custom libraries, consistent runtime environments, or
continuous background processing. PaaS remains a viable
option for monolithic web applications and services that
benefit from managed databases and middleware.
Management overhead also differs considerably. Serverless
platforms inherently manage all aspects of resource

provisioning, scaling, fault tolerance, and patching. This
enables organisations to reduce DevOps workload and
allocate resources more efficiently. Koschel, Klassen, and
Jdiya (2021) suggest that serverless eliminates much of the
system administration traditionally associated with cloud
deployment, thus improving developer productivity
(Koschel, Klassen and Jdiya, 2021). However, containers and
laaS deployments demand significant configuration and
orchestration, particularly when deploying at scale.

Nonetheless, serverless computing is not universally superior.

Its limitations include cold-start latency, vendor lock-in, and
limited support for long-running processes. PaaS and
containers, by contrast, offer more control and broader
language or dependency support, making them preferable for
more complex and stateful enterprise applications. Rahman
(2023) concludes that choosing among these models requires
a clear understanding of application requirements,
architectural constraints, and organisational capabilities
(Rahman, 2023).

Serverless computing provides a highly scalable, cost-

efficient, and low-maintenance alternative to traditional cloud
models for appropriate use cases. While [aaS and containers
offer greater control and flexibility, they come with increased
management complexity. PaaS serves as an intermediate
solution, striking a balance between ease of use and
configurability. Selecting the optimal model depends on the
specific needs of the workload, the desired abstraction level,
and the organisation's operational maturity.

2.6. Case Studies in Serverless Enterprise Adoption.

The adoption of serverless computing in enterprise contexts
has gained significant momentum, driven by the demand for
operational efficiency, scalability, and cost control. A
growing body of case-based literature highlights how large
organisations, small and medium-sized enterprises (SMEs),
and startups have successfully leveraged serverless
technologies to optimise workflows, reduce infrastructure
burdens, and enhance developer agility. These case studies
offer valuable insights into performance outcomes, economic

impacts, and the strategic lessons learned during
implementation.

One of the most cited benefits of serverless adoption is its
potential for cost optimisation. By shifting from traditional
provisioning models to pay-per-use architectures, enterprises
can achieve fine-grained cost control. For instance, Ugwueze
(n.d.) documents how a mid-sized logistics firm reduced
infrastructure costs by 35% after migrating backend APIs to
AWS Lambda, attributing the savings to the elimination of
idle resource billing and dynamic scaling mechanisms
(Ugwueze, n.d.). The firm also reported a 20% reduction in
operational overhead due to the reduced need for system
maintenance and patching. These outcomes are consistent
with the findings of Hamza, Akbar, and Capilla (2023), who
conducted an empirical study of serverless cost dynamics and
found that organisations adopting serverless solutions could
break down cost models into granular function-level metrics,
enabling more accurate budget forecasting (Hamza, Akbar
and Capilla, 2023).

Operational agility has also emerged as a central theme in
serverless adoption. Enterprises report improved deployment
velocity, particularly in microservice architectures and event-
driven systems. Leung (2021) presents a detailed case study
of a financial services organisation that transitioned its
enterprise application integration (EAI) platform to a
serverless model. The move enabled the organisation to
deploy new integrations 60% faster, improve system

availability through fine-grained scaling, and decouple
tightly integrated services (Leung, 2021). Lessons from this
case highlight the importance of function granularity and
stateless architecture design when adopting serverless in
integration-heavy environments.

Beyond deployment speed, serverless computing also allows
for streamlined development workflows. Weyori,
Mohammed, and Tetteh (n.d.) analysed how serverless
environments support continuous integration and delivery
pipelines by offering on-demand test environments and
simplified rollback mechanisms. Their findings suggest that
enterprises using serverless achieved a 30-40% improvement
in developer productivity, as measured by cycle time
reduction and frequency of feature releases (Weyori,
Mohammed and Tetteh, n.d.).

Another high-profile example of serverless success comes
from the e-learning domain. Chouhan and Tiwari (2024)
examine a learning management system (LMS) provider that
transitioned from a virtual machine-based infrastructure to a
serverless backend using AWS Lambda and DynamoDB. The
switch resulted in a 50% decrease in response latency during
peak exam seasons and an estimated 25% cost reduction on
monthly cloud expenditures (Chouhan and Tiwari, 2024).
Importantly, the case highlights how serverless computing
can handle bursty workloads common in educational systems,
particularly during assessment cycles.

However, not all outcomes have been uniformly positive.
Mampage, Karunasekera, and Buyya (2022) document
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challenges in managing distributed state and ensuring
adequate observability in a retail analytics application. While
the adoption of serverless functions improved the scalability
of data processing pipelines, it also introduced difficulties in
correlating performance metrics across disparate services
(Mampage, Karunasekera and Buyya, 2022). The authors
argue that these challenges necessitate the use of advanced
telemetry systems and robust logging frameworks to maintain
operational control.

Strategically, serverless adoption has pushed enterprises to
re-evaluate development paradigms and cloud governance
policies. Eismann, Scheuner, and Van Eyk (2020) conducted
a broad review of enterprise use cases and concluded that
successful serverless adoption hinges on aligning
architectural design with business workflows, especially in
domains that benefit from high concurrency and low
operational overhead (Eismann, Scheuner and Van Eyk,

2020). Enterprises that adopted serverless computing without
clearly defined metrics for cost, performance, and latency
often faced challenges in validating return on investment.
Ultimately, these case studies suggest that serverless
computing is most beneficial in scenarios characterised by
sporadic ~ workloads, modular services, and rapid
development cycles. While it is not a panacea, when applied
appropriately, serverless architecture can deliver measurable
improvements in cost efficiency, system resilience, and
developer throughput.

3. BENEFITS AND CHALLENGES

3.1. Strategic Advantages for Enterprises: Exploration of
how serverless contributes to business agility, operational
efficiency, and innovation in digital services.

Serverless computing has emerged as a transformative
paradigm in enterprise IT, offering compelling strategic
advantages in the realms of business agility, operational
efficiency, and innovation in digital services. By abstracting
server management and enabling function-based deployment,
serverless models allow enterprises to respond more
dynamically to market changes, streamline IT operations, and
accelerate the development of new offerings.

A principal advantage of serverless computing lies in its
contribution to business agility. In a highly competitive and
rapidly evolving digital economy, the ability to quickly build,
test, and deploy software is critical. Serverless platforms
enable near-instantaneous provisioning of compute
resources, eliminating the delays traditionally associated with
infrastructure setup. Serverless computing significantly
shortens the time-to-market for digital services by enabling
developers to focus purely on business logic, thus allowing
organisations to respond more swiftly to customer needs and
competitive pressures. This view is supported by Tripathi
(2024), who states that the agility afforded by serverless
models empowers enterprises to innovate more rapidly than
with traditional cloud or on-premises architectures (Tripathi,
2024).

Operational efficiency is another critical benefit. Serverless
computing reduces the administrative burden of
infrastructure maintenance, patching, and capacity planning.
Resources are allocated dynamically in response to workload
demands, ensuring optimal utilisation without manual
intervention. Ugwueze (n.d.) emphasises that this operational
model not only lowers cost but also increases system
reliability and reduces downtime, both of which are crucial
for enterprise-grade applications (Ugwueze, n.d.).
Enterprises benefit from automated scaling and fault
tolerance embedded within the serverless framework,
allowing IT teams to reallocate resources toward innovation
and business-aligned objectives.

Furthermore, serverless computing fosters innovation by
removing barriers to experimentation and prototyping.
Because of its granular billing and pay-per-use model,
developers can test new ideas without incurring the high fixed
costs typical of pre-allocated infrastructure. This is especially
beneficial for small and medium-sized enterprises (SMEs)
and startups, as noted by Guhan, Sekhar, and Revathy (2025),
who highlight how reduced capital expenditure and
simplified deployment workflows have enabled smaller firms
to compete effectively with larger incumbents (Guhan,
Sekhar and Revathy, 2025). Similarly, Christoforidis (2024)
discusses how enterprises leveraging serverless and SaaS
solutions are better positioned to develop novel customer
experiences and business models due to their increased IT
responsiveness (Christoforidis, 2024).

However, the benefits of serverless are not solely economic
or technical—they extend to organisational transformation as
well. Dalal (n.d.) asserts that the shift to serverless aligns IT
practices more closely with business goals, fostering cross-
functional collaboration and agile development processes
(Dalal, n.d.). This alignment helps create an environment
where rapid iteration and continuous delivery become the
norm, thereby enabling a culture of innovation across the
enterprise.

Despite these advantages, it is important to acknowledge the
contextual factors that determine the degree to which
enterprises can capitalise on serverless computing. Verma and
Rane (2024) point out that successful adoption requires a
well-defined  architectural strategy and governance
framework to manage issues such as vendor lock-in,
observability, and integration with legacy systems (Verma
and Rane, 2024). Nonetheless, when strategically
implemented, serverless computing represents a robust
pathway to digital transformation and enterprise resilience.

Serverless computing provides strategic advantages that align
closely with the core goals of modern enterprises: to be agile,
efficient, and innovative. Its capacity to decouple
development from infrastructure, automate scalability, and
support rapid prototyping positions it as a critical enabler of
digital competitiveness. While challenges remain, especially
around governance and integration, the net benefit of
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serverless computing for enterprise agility and innovation is
well supported by empirical evidence and expert analysis.

3.2. Technical and Governance Challenges: Discussion of
integration issues, compliance and security concerns, and
the maturity of enterprise DevOps for serverless
environments.

The adoption of serverless computing in enterprises
introduces a range of technical and governance challenges
that extend beyond infrastructure abstraction. While
serverless architectures promise scalability and operational
efficiency, their deployment in large-scale environments must
contend with issues such as integration complexity,
compliance and security constraints, and the evolving
maturity of DevOps practices. These factors significantly
influence the long-term viability and strategic impact of
serverless models in enterprise settings.

Integration challenges are particularly pronounced in hybrid
IT environments where serverless functions must interoperate
with legacy systems, third-party APIs, and stateful services.
As El Aouni et al. (2024) note in their systematic literature
review, the integration of serverless components within agile
and DevOps workflows requires sophisticated orchestration
tools and standardised protocols to ensure interoperability
and maintainability (El Aouni et al., 2024). Traditional
service buses and middleware platforms are often ill-suited to
support the event-driven, stateless characteristics of
serverless applications, leading to architectural mismatches

and increased development complexity.

Compliance and security considerations represent another
formidable barrier to enterprise adoption. Serverless models
challenge traditional security paradigms by decentralising
application logic into ephemeral functions, complicating the
enforcement of access controls, auditing, and data residency
requirements. Gillespie (2024) highlights the difficulty of
integrating manual security protocols into automated DevOps
pipelines, particularly in regulated industries where HIPAA,
GDPR, or PCI-DSS compliance is mandatory (Gillespie,
2024). Additionally, Antiya (2024) notes that while DevOps
promotes speed and automation, it often lacks embedded
compliance verification processes, posing risks for
organisations that adopt serverless computing without mature
governance frameworks (Antiya, 2024).

The maturity of enterprise DevOps also plays a critical role
in determining the success of serverless initiatives. DevOps
practices, which include continuous integration, automated
testing, and infrastructure-as-code, are foundational to
managing serverless deployments effectively. Many
organisations still struggle with the cultural and technical
transformations required to implement DevOps at scale. In
enterprises where DevOps maturity is low, teams may lack
the automation pipelines, monitoring tools, and deployment
standards necessary for managing highly distributed
serverless architectures.

Security observability is another nuanced concern in
serverless environments. Traditional logging and monitoring

tools designed for monolithic or container-based applications
often fall short in providing adequate visibility into serverless
workflows. According to Gopireddy and Engineer (n.d.),
organisations must adopt Al-enhanced observability
frameworks that support function-level tracing, anomaly
detection, and dynamic policy enforcement in real time
(Gopireddy and Engineer, n.d.). Without such tooling,
diagnosing faults and ensuring compliance in highly modular
serverless systems becomes exceedingly difficult.

Hybrid architectures further complicate the governance
landscape. Enterprises often deploy serverless alongside
containers and virtual machines, leading to a heterogeneous
environment where consistency in access management,
compliance, and monitoring is difficult to achieve. Cristofaro
(2023) emphasises the need for unified control planes and
policy orchestration mechanisms in such scenarios,
particularly when sensitive business logic spans multiple

platforms (Cristofaro, 2023). Furthermore, Carignan and
Enoch (2025) argue that future-ready enterprises must embed
compliance and governance as native features of their
DevOps toolchains, especially when operating in hybrid or
multi-cloud environments (Carignan and Enoch, 2025).

Ultimately, while serverless computing offers compelling
advantages, realising its full potential in the enterprise
domain requires a concurrent evolution in DevOps practices,
governance policies, and integration strategies. As Puppala,
Goutham, and Rohan (2024) aptly summarise, the synergy

between DevOps and serverless architectures is not merely
technical—it is strategic, requiring intentional alignment
between engineering disciplines and enterprise policy
frameworks (Puppala, Goutham and Rohan, 2024).

3.3. Recommendations for Adoption: Best practices for
enterprise transition to serverless computing, including
hybrid models, security frameworks, and performance
optimization.

The transition to serverless computing presents significant
strategic and operational opportunities for enterprises, yet
successful adoption requires deliberate planning and
adherence to best practices. As organisations move to
incorporate serverless architecture into their digital
infrastructure, recommendations related to hybrid models,
security frameworks, and performance optimisation are
essential to maximising value while mitigating risks.

One critical recommendation is the adoption of hybrid
serverless models. Enterprises often operate within complex
legacy environments that cannot be immediately refactored
into serverless architectures. Hybrid models allow for
incremental migration by enabling coexistence between
traditional systems and serverless components. As advocated
by Van Eyk et al. (2018), hybrid strategies permit workload
segmentation where ephemeral and stateless tasks can be
routed to serverless functions, while persistent, stateful
operations remain on conventional infrastructure. This
layered approach facilitates architectural modernisation
without the need for wholesale replacement, thereby
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preserving business continuity and reducing transformation
risks.

Security frameworks must be reengineered for the serverless
paradigm, given its decentralised and ephemeral execution
model. Traditional security mechanisms such as perimeter-
based controls are insufficient for the dynamic, event-driven
environments that characterise serverless platforms. A zero-
trust security model is thus recommended, whereby every
function invocation is treated as a potential threat unless
explicitly verified. Implementing function-level identity and
access management (IAM), encrypted environment variables,
and runtime anomaly detection are essential to hardening
serverless workloads against intrusion. The use of third-party
security orchestration tools that integrate with serverless
runtimes also supports continuous compliance and rapid
threat mitigation in enterprise deployments.

Performance optimisation represents another vital
consideration. Serverless platforms inherently abstract the
underlying infrastructure, which can lead to unpredictability
in latency and throughput if not properly managed. Cold
starts—delays incurred when a function is invoked after a
period of inactivity—are a common performance bottleneck.
To address this, best practices include keeping functions
warm via periodic invocations, selecting lightweight
runtimes such as Node.js or Go, and reducing function
complexity to minimise load time (McGrath and Brenner,
2017). Moreover, design patterns that favour event-streaming
and asynchronous processing can reduce dependency latency
and improve system responsiveness, particularly in high-
concurrency use cases.

A further recommendation for enterprises is the adoption of
platform-agnostic tooling and open-source frameworks such
as the Serverless Framework, Knative, or OpenFaaS. These
tools not only abstract deployment workflows but also reduce
vendor lock-in by supporting multi-cloud compatibility.
According to Castro et al. (2019), enterprises that utilise such
frameworks are better positioned to migrate workloads across
providers and standardise development practices, which is
essential in regulatory environments where jurisdictional
control over data is mandatory.

Operational observability in serverless environments must
also be prioritised. Because serverless functions lack
persistent infrastructure, conventional monitoring tools are
often inadequate. Best practices include implementing
distributed  tracing systems (e.g, AWS X-Ray,
OpenTelemetry), structured logging, and real-time metrics
collection at the function invocation level. These tools enable
performance tuning, facilitate root cause analysis, and ensure
compliance by providing end-to-end visibility into execution
flows (Eismann et al., 2020). In addition, tagging functions
by application domain, user role, or business process can
enhance governance and cost accountability across large-
scale deployments.

For organisations with immature DevOps practices, the
integration of continuous integration and continuous

deployment (CI/CD) pipelines is vital. Serverless
architectures benefit from CI/CD systems that automate
build, test, and deployment processes, thereby reducing the
risks associated with manual operations and increasing
deployment velocity. Adopting infrastructure-as-code (IaC)
principles using tools like AWS SAM, Terraform, or Pulumi
ensures reproducibility, auditability, and version control—
foundational capabilities for enterprise governance.

Finally, a phased adoption approach is recommended.
Enterprises should begin with non-critical workloads, such as
internal automation scripts or scheduled reporting functions,
to gain familiarity with the operational model of serverless
computing. As confidence and capabilities grow, more
strategic and customer-facing workloads can be migrated.
Conducting architecture assessments, readiness audits, and
pilot projects are standard practices that can guide this
gradual transition and build internal expertise.

While the strategic benefits of serverless computing are well
established, realising them in an enterprise context requires a
multi-dimensional approach. Hybrid deployment strategies,
robust security postures, performance-aware development,
vendor-neutral tooling, and mature DevOps integration are
critical to successful adoption. By adhering to these best
practices, organisations can modernise their digital
infrastructure while maintaining resilience, agility, and
compliance.

4. FUTURE DIRECTIONS

4.1. Emerging Trends in Serverless Computing.
Serverless computing continues to evolve rapidly, with
emerging trends indicating a significant transformation in
how enterprises architect, orchestrate, and deploy digital
services. Innovations in edge serverless computing,
multicloud orchestration, and AI/ML-driven function
management are setting the trajectory for the next phase of
cloud-native applications. These advancements not only
address current limitations but also unlock new possibilities
for scalability, resilience, and autonomy across distributed
systems.

Edge serverless computing represents a key trend at the
convergence of edge and cloud paradigms. By deploying
serverless functions closer to data sources and end-users,
enterprises can reduce latency and network load, making
applications more responsive and context-aware. Malhotra
(2024) introduces the concept of "serverless mesh
architectures," wherein function orchestration spans cloud
and edge locations to ensure low-latency processing, secure
data residency, and dynamic scalability (Malhotra, 2024).
This model supports real-time analytics, autonomous
systems, and industrial IoT applications, where centralised
cloud execution may be infeasible due to bandwidth or
compliance constraints.

Al and ML-driven orchestration is another emerging pillar
reshaping serverless ecosystems. Machine learning models
are increasingly employed to optimise function scheduling,
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resource allocation, and fault recovery. Ramamoorthi (2023)
explores Al-enhanced cloud-edge orchestration frameworks
that analyse historical function performance and user patterns
to predict workload shifts and proactively reallocate
resources for IoT applications (Ramamoorthi, 2023). These
intelligent systems improve system efficiency by minimising
cold starts and balancing computational loads across
heterogeneous infrastructures. Similarly, Patel and Kansara
(2024) discuss the integration of dynamic Al-based
frameworks within multicloud architectures to enable real-
time decision-making across cloud vendors (Patel and
Kansara, 2024).

Multicloud support is gaining traction as enterprises seek to
avoid vendor lock-in and enhance system resilience. A
multicloud serverless strategy allows organisations to deploy
functions across providers (e.g., AWS Lambda, Azure
Functions, Google Cloud Functions) and dynamically shift

workloads based on cost, compliance, or latency metrics.
Das, Thampi, and Shaik (2024) outline emerging multicloud
frameworks that support edge-native deployments and
orchestration using AI/ML controllers. These frameworks
facilitate service-level agreement (SLA)-aware workload
distribution and governance in complex regulatory
environments (Das, Thampi and Shaik, 2024).

Further reinforcing this trend, Loconte et al. (2024) present a
cloud-edge intelligence architecture using serverless
microservices that can invoke Al at either the cloud or edge

layer depending on availability and proximity, thereby
enhancing adaptability in sensor-driven networks (Loconte et
al., 2024). Such architectures are increasingly relevant in
domains such as smart cities, precision agriculture, and
autonomous logistics, where devices require low-latency
inference and continuous reconfiguration.

The integration of open-source and vendor-neutral
technologies also underpins future serverless developments.
Bayya (2025) asserts that Kubernetes-based platforms,
enhanced by Al-powered orchestration tools, are bridging
gaps between containerisation and serverless computing.
These tools offer seamless scalability, autoscaling, and
policy-based governance for hybrid workloads, allowing
enterprises to benefit from the flexibility of containers and the
efficiency of serverless runtimes (Bayya, 2025).

The future direction of serverless computing also includes
greater integration of event-driven data fabrics and unified
observability. Gupta (2025) notes that hybrid cloud and
multicloud deployments will increasingly depend on
orchestration tools capable of managing telemetry, policy
enforcement, and identity in federated environments (Gupta,
2025). These systems will need to operate across trust
boundaries, comply with diverse data protection regulations,
and offer programmable interfaces for Al-based governance.
Taken together, these emerging trends suggest that the future
of serverless computing lies in intelligent, distributed, and
vendor-agnostic platforms. The convergence of edge
deployment, multicloud orchestration, and Al-driven

management is poised to redefine scalability, agility, and
efficiency in enterprise technology landscapes. As research
and practice continue to mature, serverless will not merely
complement existing architectures—it will become the
foundational paradigm for digital services in an increasingly
autonomous and connected world.

4.2. Opportunities for Research and Development.
Serverless computing is maturing rapidly as a mainstream
paradigm for cloud-native application development, yet
substantial research and development opportunities remain.
Among the most pressing are the advancement of debugging
tools, the refinement of cost prediction models, and the
enhancement of serverless platforms to support real-time
applications. Addressing these gaps is essential to improving
developer experience, system transparency, and cost-
efficiency at scale, especially as enterprise reliance on
serverless continues to grow.

Debugging remains one of the most persistent challenges in
serverless computing due to the ephemeral, stateless, and
distributed nature of function execution. Traditional tools,
which assume long-running services and static environments,
often fall short in providing meaningful insights into transient
function behaviors. Wen et al. (2023) argue that the lack of
built-in observability and debugging capabilities hinders
adoption for complex workflows, as developers struggle to
identify performance bottlenecks and runtime failures in
production environments (Wen et al., 2023). Similarly, Khatri
et al. (2024) emphasize the need for Al-enhanced debugging
and monitoring systems that can operate at fine-grained levels
of abstraction while coping with dynamic invocation patterns
(Khatri, Khatri and Mishra, 2024). Research is therefore
moving toward toolchains that integrate real-time anomaly
detection, trace-based debugging, and root-cause analytics as
native components of serverless environments.

Cost prediction is another domain in need of innovation.
While serverless platforms offer pay-per-use pricing models,
the actual costs incurred can be opaque due to factors like

unpredictable invocation patterns, cold starts, data transfer
charges, and third-party service dependencies. Ugwueze
(n.d.) and Hassan et al. (2021) identify the unpredictability of
usage patterns and lack of standardized benchmarking as key
barriers to reliable cost forecasting (Ugwueze, n.d., Hassan et
al., 2021). To this end, research is increasingly focused on
developing predictive analytics models that leverage
historical function usage and telemetry data to estimate future
cost profiles under varying workload scenarios. Shafiei et al.
(2022) propose using event rate forecasting combined with

function execution traces to simulate billing estimates prior
to deployment, allowing for informed architectural decisions
(Shafiei, Khonsari and Mousavi, 2022).

Real-time applications represent a growing frontier in
serverless computing, particularly in domains such as
finance, gaming, e-health, and autonomous systems.
However, ensuring deterministic response times in the
presence of cold starts and variable invocation latency
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remains challenging. Nastic et al. (2017) demonstrate the
viability of serverless platforms for real-time edge analytics
by introducing heuristic-driven orchestration models that
reduce latency without compromising throughput (Nastic et
al., 2017). Further, Christidis et al. (2020) highlight the need
for lightweight runtime environments and pre-warming
strategies for Al-intensive serverless applications to operate
at real-time speeds (Christidis, Moschoyiannis and Hsu
2020). Despite these efforts, additional research is needed to
develop scheduling algorithms, container snapshotting
methods, and latency-aware deployment patterns that can
guarantee quality-of-service (QoS) constraints in time-
sensitive workloads.

Moreover, future development must consider how serverless
systems can seamlessly integrate with real-time data streams
and persistent event sources such as message queues or loT
sensors. Kodakandla (2021) points out that current

implementations of serverless architectures often lack built-
in support for backpressure handling, event ordering, and
high-throughput data ingestion, all of which are necessary for
real-time pipelines (Kodakandla, 2021). Addressing these
limitations may require protocol-level innovations and the
development of custom event brokers tailored for serverless

execution.

In addition to technical tooling, there is also an opportunity
for interdisciplinary research that explores user-centric and
socio-technical aspects of serverless adoption. Weyori et al.
(n.d.) argue that comprehensive cost-benefit analysis
frameworks are needed to help decision-makers evaluate the
trade-offs between operational simplicity, financial
predictability, and vendor dependence (Weyori, Mohammed
and Tetteh, n.d.). Such tools could draw on econometrics,
behavioral economics, and operations research to
complement technical models of performance and efficiency.
Serverless computing continues to be a fertile ground for
research and development, with pressing needs in areas such
as enhanced debugging tools, accurate cost prediction

frameworks, and real-time systems support. Addressing these
issues not only improves platform robustness but also
expands the range of applications that can be feasibly built
and operated in a serverless paradigm. As the field matures,
coordinated efforts from academia and industry will be
essential to shaping a future where serverless computing is
secure, transparent, cost-effective, and performant at scale.

CONCLUSION

The adoption of serverless computing within enterprise
environments has emerged as a transformative evolution in
cloud architecture. This model shifts the focus from
infrastructure management to pure application logic, enabling
organisations to respond with greater agility to digital
demands. Across the various dimensions explored, serverless
computing reveals a complex interplay of advantages,
limitations, and strategic implications, with both
technological and organisational factors shaping its efficacy.

Fundamentally, serverless computing offers distinct
operational benefits that are highly aligned with modern
enterprise needs. These include the capacity to scale
applications seamlessly, reduce infrastructure costs through
granular pay-per-use models, accelerate development cycles,
and empower developer productivity by eliminating
infrastructure provisioning. Such capabilities enhance
business agility, allowing enterprises to deploy digital
services and experiment with innovation at a pace previously
constrained by infrastructure overhead.

In enterprise use cases, serverless architectures have found
traction in diverse areas such as microservices deployment,
automation workflows, API gateways, and data processing
pipelines. Case studies from sectors including finance, retail,
and media illustrate how organisations are leveraging
serverless to streamline backend processes, improve time-to-
market, and modernise legacy systems incrementally. These
practical implementations underscore the operational
versatility of serverless computing and its adaptability to
hybrid cloud and DevOps-centric environments.

Despite its clear benefits, serverless computing presents a
range of challenges that enterprises must navigate
thoughtfully. Cold-start latency, debugging complexity, and
lack of transparency in function execution environments pose
barriers to performance predictability and system
observability. Moreover, vendor lock-in concerns and
security limitations necessitate careful architectural planning,
especially in regulated industries. The transition to serverless
also requires a mature DevOps culture, with robust
automation, governance, and testing practices tailored to
ephemeral, event-driven workflows.

From a comparative standpoint, serverless computing
complements but does not fully replace traditional cloud
computing models such as Infrastructure-as-a-Service (IaaS),
Platform-as-a-Service (PaaS), or container-based systems.
Each model offers trade-offs in control, cost, and complexity,
and the choice depends heavily on the nature of the workload,
compliance requirements, and enterprise maturity. Serverless
excels in scenarios demanding high scalability, low
operational overhead, and fast development, whereas other
models remain more suitable for stateful applications,
complex  networking  requirements, or  full-stack
customisation.

Looking ahead, serverless computing is set to evolve along
promising trajectories. Emerging trends such as edge-based
serverless deployments, Al-driven orchestration, and
multicloud compatibility are extending the applicability of
this model to real-time systems and geographically
distributed infrastructures. At the same time, research
continues to address its current limitations through the
development of improved debugging tools, predictive cost
models, and enhanced observability platforms. These
advancements are critical for realising the full potential of
serverless in complex enterprise ecosystems.

5733 Victor Kelechukwu Madu, ETJ Volume 10 Issue 07 July 2025


https://ieeexplore.ieee.org/abstract/document/7994559/
https://ieeexplore.ieee.org/abstract/document/7994559/
https://ieeexplore.ieee.org/abstract/document/9055400/
https://ieeexplore.ieee.org/abstract/document/9055400/
https://www.researchgate.net/profile/Naveen-Kodakandla/publication/386876894
https://www.researchgate.net/profile/Samuel-Gbli-Tetteh/publication/387368590
https://www.researchgate.net/profile/Samuel-Gbli-Tetteh/publication/387368590

“Serverless Computing in Modern Enterprise It: A Review”

Serverless computing stands at the forefront of modern cloud
innovation, offering compelling benefits that align closely
with the strategic goals of digital transformation. Its adoption,
however, must be approached with a clear understanding of
its strengths, constraints, and integration pathways within
broader IT and governance frameworks. As the technology
matures, enterprises that invest in building the right skills,
tools, and architectures will be well-positioned to harness the
scalability, speed, and innovation potential that serverless
computing promises.
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