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Abstract: Serverless computing revolutionises cloud application development with elastic, cost-effective, scalable
infrastructure management solutions. This research explores the adoption of serverless computing in agile cloud application
development and its impacts on software delivery speed, scalability, and efficiency of operations. Serverless user
authentication, data processing, and real-time analytics functions are supported in the experimental dataset and deployed on
AWS Lambda, Google Cloud Functions, and Azure Functions. The experiments measure execution time, cost, latency, and
concurrency. Python and Matplotlib are used to analyze the performance and plots. Graphviz was employed to generate a
sequence diagram of the architecture. The findings show that serverless computing not only simplifies the development process
but also maximizes the utilization of resources as it charges customers for utilized resources only. Two performance
improvement graphs and two data tables are included to identify performance improvement and reduce costs when
implementing the best serverless architectures. The results indicate serverless computing as a viable option for modern
organizations that need flexible development approaches to suit the needs of agile digital environments. The paper ends by
analysing the limitations and possible horizons of serverless computing in cloud app development.
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1. Introduction

Cloud computing has revolutionized software application development and deployment with unprecedented scalability,
elasticity, and economic viability. The most thrilling aspect of innovation here is serverless computing, a paradigm under which
developers can write code without worrying about the server infrastructure. Under traditional computing paradigms, developers
had to maintain the infrastructure and servers they were running their applications and, thus, introduce inefficiencies and
complicate maintenance [1]. Serverless computing is a relief from these troubles for developers, as it delivers on-demand
dynamic provisioning of resources, thus taking a substantial burden off the development and deployment time and performance
of the applications [2]. It is centred around Function-as-a-Service (FaaS), giving the developers the luxury of running a single
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function or a single chunk of code as a reaction to events without supplying servers themselves. These are executed on such
well-known cloud platforms as AWS Lambda, Google Cloud Functions, and Azure Functions that allow developers to deploy
their code and execute it in response to specific triggers such as HTTP requests or changes in data within a database [3]. This
serverless revolution has uncovered a goldmine of potential in software development with scalable solutions that automatically
scale based on evolving demands, increasing cost savings and rates of deployment [4].

Apart from the technical advantages, serverless computing is also the perfect fit with agile development techniques that are all
about iterative development, collaboration, and rapid feedback. Agile processes focus on repetitive improvement and
predetermined frequency releases to provide end-customer value in the shortest achievable time using the resources at their
optimal capacity [5]. Integrating serverless computing into agile workflows allows delivery teams to handle evolving
requirements, develop applications with increased speed, and enhance delivery speed. With serverless architecture, the
developers can code more since the platform manages the scaling complexity, monitoring, and servers. Hence, they can
concentrate on coding good apps [6].

Serverless computing has many benefits, including greater scalability, improved cost savings, and quick deployment. The
traditional cloud models also require developers' provisioning and virtual server management, which is expensive and not
scalable. In serverless computing, resources are dynamically provisioned automatically on an as-needed basis. Hence,
organizations only pay for their computing time, leading to huge cost savings [7]. This dynamic real-time adjustment of on-
demand resource allocation is especially beneficial for dynamically varying traffic level organizations since they can quickly
scale up in real-time without over-provisioning or under-provisioning resources [8].

The use of serverless computing and agile practices is seen in various manners. Agile software development processes
emphasising collaboration, responsiveness, and continuous improvement are optimally suited to environments where the
updates and changes can be published with minimal latency [9]. Serverless computing facilitates CI/CD with negligible
overhead cost so squads can publish new features, patches, and updates rapidly and effectively. Apart from this, serverless
computing is cloud-based, wherein development teams can collaborate geographically based on common infrastructure without
relying on physical machines [10].

Apart from these advantages, some problems are associated with serverless computing. They encompass cold startup latency,
package dependency management, and vendor lock-in, which are cited as potential vulnerabilities of serverless platforms [11].
Cold starts are latencies that occur when a serverless function is called for the first time or after a prolonged period, and they
can impact performance. Furthermore, handling dependencies in serverless environments may be more complicated than in
more traditional server-based environments since the module-based nature of serverless functions can make it problematic to
have all of the dependencies in line and ready to roll [12].

Despite all these problems, the benefits of serverless computing in supporting agile development practices are not debatable.
By removing the need for developers to concern themselves with server infrastructure, serverless computing enables teams to
develop quicker, scale more efficiently, and deploy applications faster than ever [13]. The study explores the strategic effect of
serverless computing within agile development environments, its advantages and disadvantages, and its effectiveness in
stimulating innovation and minimizing development cycles [14].

The subsequent article will discuss how serverless computing can be applied to the agile process for faster development,
enhanced scalability, and cost benefits. The article will also examine the greatest challenges and limitations of serverless
computing, such as cold start latency, vendor lock-in, and dependency management, and how these can be addressed [15].
Relying on facts-based arguments and practical examples, this study shall illustrate how serverless computing is revolutionizing
the development and deployment of software with massive advantages for businesses looking to streamline their development
pipeline and profit from accelerated iteration cycles.

2. Review of Literature

Butschan et al. [1], serverless computing was among the most contentious topics in recent literature due to its trailblazing role
in cloud application development. It has been investigated in every software development scenario, ranging from deployment
and architecture tendencies to optimization for effectiveness and cost reduction. Transcending across the literature, serverless
computing streamlines infrastructure management to enable developers to write code for application logic without worrying
about the servers. Such a shift enables reduced operational overhead and simpler and scalable software development.

Salem et al. [4], the biggest advantage of serverless computing is that there is no infrastructure complexity. Conversational

cloud models would most likely have developers provision, deploy, and manage containers or virtual machines, which is
resource- and time-intensive. Serverless environments shift the responsibility of infrastructure away from developers' shoulders,
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scaling resources automatically according to demand. That implies that teams can focus more on coding and less on server
maintenance, hence better development efficiency and quicker deployment cycles.

Jamil et al. [5], serverless computing has also taken the top billing in literature with tight integration with agile development
paradigms. Iterative and adaptive development and quick feedback loops are desirable since they are best placed to complement
agile approaches. Serverless architecture accommodates serverless computing, which benefits organizations as much as
executing applications as pieces of smaller size, thus deploying and upgrading faster. Literature has demonstrated that this
approach can cut time to market, enhance customer responsiveness, and enhance software quality overall. Serverless platforms
are also highly auto-scalable and fault-tolerant.

Abuhasel and Khan [6] although it is not without advantages, literature also captures the pitfall of serverless computing. Another
extremely controversial topic is the “cold start” problem, whereby a serverless function runs slowly on an initial call or
following a long inactivity lag. Cold-start latency in-app responses may be of utmost importance to latency-sensitive
applications. Various authors have offered to optimize for cold start delays, such as serverless function in optimization and
dependency reduction.

Behrendt et al. [8], serverless application dependency management is also a problem. Dependency management is easy with
the traditional server-based setup because all the components are typically released simultaneously on the same container or
server. However, with the serverless setup where each function executes independently, it may not be easy to make some or all
dependencies available and accessible. Attempts have been made to create best practices on managing serverless app
dependencies, e.g., a few external dependencies and a few external packages, to make it easy to deploy.

Xu et al. [10], vendor lock-in is another problem that is faced by serverless computing. Since serverless platforms exist in the
market and are offered by very few cloud providers like AWS, Google Cloud, or Azure, companies will have to port their
applications to other vendors with enormous redo. This will create vendor lock-in in the future and restrict organisations'
independence in deciding on their preferred cloud infrastructure. To address this problem, other researchers have devised
methods of creating more mobile serverless applications, like utilising open-source serverless platforms that can be deployed
on various cloud providers.

Onate and Sanz [11], notwithstanding all these problems, literature attests that serverless computing greatly advantages agile
development environments. With less infrastructure nuance, more scalable infrastructures, and less cost, serverless platforms
neatly fit into the fantasy of agile practice. However, if serverless computing is to live up to its promise, organizations must be
able to manage cold start, vendor lock-in, and dependency management issues. Future research will probably focus even more
on optimising the serverless platform and how to avoid such issues.

Khethavath et al. [12], the overview is the stage upon which one may conduct further research to make serverless computing a
reality through deploying agile development platforms. The rest of the paper will compare these findings to evidence-based
studies and the results of case studies in determining the implication of serverless computing on typical software development.

3. Methodology

The present research employs systematic methodology in experimental testing and data-driven analysis to determine the
effectiveness of serverless computing in developing cloud applications under an agile regime. The basis of the strategy comes
from implementing and testing a range of serverless applications on three major cloud providers, namely AWS Lambda, Google
Cloud Functions, and Azure Functions. With these serverless platforms, we tried fiddling around with how they work when
executed to create modular applications, most of which replicated actual development environments.

Modularly, each application was created, where the microservices were executed singularly but exchanged data through
interface definitions. This architectural design echoes today's software development culture, particularly with agile, in that the
application is separated into tiny bits, bite-sized bits that are written, tested, and shipped one by one. Microservices are typically
light, tiny, and standalone, scalable components that can be modified rapidly without affecting the overall system, resulting in
flexibility, maintenance, and deployment benefits. Apart from microservices, API gateways have also been used in all the
applications to allow the services to talk to one another so that external clients can talk to the microservices securely and
efficiently. Simultaneously, data storage endpoints have been created, simulating real-world situations where applications
require persistent data storage so that the serverless functions can talk to databases and store or read data as necessary.

To measure the performance of such serverless applications, we subjected them to well-designed controlled test environments

to monitor a range of important metrics applicable to cloud application performance. These were readings of some latency,
which measures the time to process a request and respond, and response time, which measures how long the system takes to
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respond to user actions or inputs. Scalability efficiency was also tracked, which indicates how well the applications scaled as a
function of increased concurrent requests or different levels of load, one of the main features of serverless architecture, which
dynamically scales according to the need for resources. Cost consumption was also tracked to track the cost effect of hosting
serverless applications compared to the conventional server-based platform. This meant comparing the cost of money that
organizations would be paying for resources for the serverless platforms against maintaining their infrastructure using
traditional servers.

We also conducted a comparative performance evaluation of serverless architecture and traditional server-based systems in this
way. In the comparison, serverless applications were compared side by side with the applications running on virtual machines
or dedicated servers where the developers are responsible for scaling and maintaining the infrastructure. The objective was to
determine the performance benefits of using serverless computing over traditional systems, particularly regarding scalability,
cost, and responsiveness.
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Figure 1: Flow diagram of a video processing and distribution system across multiple platforms [16]

Figure 1 shows a video data processing system at different stages, from upload to dissemination [16]. It starts with users
uploading video files from different entry points, i.e., mobile terminals, PC terminals, or browsers. The files are uploaded to
the Object Storage Service (OSS), and the system gets the video metadata and invokes an event. The video information is
subsequently processed by the computing layer, where computation is performed for function-based computing, such as
optimization and transcoding. The core algorithm library is used here to compute and optimize the computing. The computed
information is subsequently stored in a database (DB) and further processed for transmission. Data transmission is controlled
by the Content Delivery Network (CDN) to provide the best to end-users, and the ultimate content is distributed on mobile
terminals through the API Gateway. The system handles video content from uploading to successful delivery and fast
distribution to the users.

Through experimental analysis and data-driven assessment, this approach aims to present empirical evidence regarding the
practical advantages and limitations of serverless computing in agile cloud software application development. Outcomes were
derived based on real data collection during the test duration. These outcomes are realistic and actionable measures that
developers and organizations can adopt to develop software more efficiently. The evidence-based approach concludes this
study as real-world-oriented and relevant to organizations willing to adopt serverless computing for more scalability, lower
cost, and quicker development.

4. Data Description

Experimental data used in this study comprise numerous serverless functions deployed to provide essential application
functionality such as user authentication, data processing, and real-time analytics. The experiments were run on leading cloud
vendors such as AWS, Azure, and Google Cloud to observe their performance based on differing setups. Things noticed are a
few crucial parameters, such as execution time measured in milliseconds, the estimated cost in USD, the latency expressed in
seconds, and the number of requests supported from a given user simultaneously. Latency and runtime are required to calculate
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how each function executes its operations at a rate. In contrast, cost estimation calculates the economic viability of serverless
computing over traditional server-based systems. Concurrent user demand density tells us how often the serverless functions
answer several demands. The experiment results are presented in graphical forms such as bar charts, line graphs, and tables to
make the results easier to understand and compare. The graphical representations assist in detecting extreme performance,
scalability, and cost-effectiveness variations among various serverless platforms for an enhanced understanding of their
behaviour. Through the presentation of data in this way, the research is straightforward regarding results, and, therefore, one
can have a better image of the pragmatic benefits and limitations of serverless computing for typical application scenarios.

5. Results

Our study produced significant results on the impacts of serverless computing on the core aspects of development, i.e., speed
of development, scalability, and cost savings. Real-world observations through several test cases indicated that serverless
computing greatly outperforms conventional server-based methods, thus emerging as a significant option for organizations
ready to streamline their development process and fruitfully leverage resources. One of the most significant advantages of
serverless computing is that it can potentially speed up the development pace to a large degree. Serverless modularity,
particularly with Function-as-a-Service (FaaS) vendors like AWS Lambda, Google Cloud Functions, and Azure Functions,
made it easy for us to achieve rapid iteration cycles in our lab. Scalability and resource allocation are developed and mentioned
below:

R(®) = X (A4i(0) - 67) (M

Where R(t) represents the total resource usage at time t, A;(t) is the request rate for function i, and 8; Is the resource
consumption per request for function i.

Table 1: Execution time analysis of the performance enhancement achieved through serverless technologies

Platform User Load Serverless (ms) Traditional (ms) Improvement (%)
AWS Lambda 100 120 200 40%
Azure Functions 100 150 250 40%

The data presented in Table 1 illustrates how performance enhancement has been achieved through serverless technologies.
According to the data, AWS Lambda and Azure Functions outperform traditional server-based systems by sustaining a 40%
enhancement in the execution time. The testing measured concurrent user loads to decide scalability and performance under
varying loads. AWS Lambda incurred 120 ms execution, while Azure Functions incurred 150 ms for similar cases. Both
platforms sustained peak user requests without latency, affirming serverless computing's dynamic scaling feature. This latency
reduction is directly mapped to agile development teams requiring faster speed of feedback and responsiveness. The simplified
execution enables the developers to deploy incremental features without infrastructure bottlenecks. In addition, the reduced
execution time enhances user satisfaction by limiting response latency, which is required by web and mobile apps that involve
a high level of user interaction. Such outcomes prove that serverless architecture is most appropriate for applications that need
speedy deployment and scalability. Therefore, organizations utilizing serverless computing can expect improved development
productivity, cost efficiency, and user satisfaction. Cost efficiency in serverless computing can be framed as:

Cservertess = Z?=1(Ti “Di * Cume) )

where Cgerperiess IS the total cost of serverless execution, T; Is the execution time for function i,p; Is the probability of
invocation of function i, and C,,,,; What is the cost per unit of execution time? Without underpinnings infrastructure for the
developers to take care of or scale by hand, they would only be concerned with publishing and writing business logic. It
minimizes server setup and admin bottleneck typically required to enable teams to deploy new features or updates more rapidly.
Our testing found serverless applications deploying faster than typical designs. Implicit, non-explicit infrastructure management
allows developers to deploy, test, and change individual functions rapidly without worrying about provisioning or setting up
servers.

This is similar to agile development, requiring rapid iterations and frequent releases. Serverless computing has taught us that
development teams can release new functionality and debug within half the time they would have had in more traditional
paradigms. Development velocity increased by as much as 35% in certain instances because teams could concentrate on
building clean, functioning code instead of attempting to work around infrastructure and scale.

Scalability is one of the strongest features of serverless computing. Systems with servers are prone to a breakdown in scaling
resources up or down as and when required. Server instance generation and management are developer responsibilities,
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resulting in over-provisioning (waste of resources) or under-provisioning (poor performance). Serverless computing eliminates
this problem because it dynamically scales the utilization of resources in real-time according to the volume of incoming
requests. Our experiments verified serverless applications to be running perfectly under varying loads because the platform
provisioned additional capacity automatically to handle bursts. With such scaling, serverless applications are still very
responsive at all times, even at peak, without manual intervention. To our surprise, we even found that serverless apps can
handle a 50% increase in concurrent requests without impacting performance compared to other architectures.
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Figure 2: Serverless vs traditional architecture performance comparison

Figure 2 is a performance comparison graph of serverless and traditional architectures on three cloud providers: AWS Lambda,
Google Cloud Functions, and Azure Functions. The bar graph shows the execution time (in ms) for serverless and traditional
configurations. Both architectures get better with the serverless approach, as AWS Lambda handles requests in 120 ms, Google
Cloud Functions in 150 ms, and Azure Functions in 130 ms, compared to significantly higher times of traditional
deployments—200 ms, 250 ms, and 220 ms, respectively. The 40% reduction in deployment time on all platforms reflects how
serverless architectures can handle requests faster through dynamic scaling and resource allocation at runtime in an adaptive
system, thus achieving latency benefits. This reduction in time is even more critical in agile development, where rapid
deployment and quicker feedback cycles are the signature characteristics. Serverless platforms provide excellent performance
by automatically scaling resources based on demand, resulting in low response time even at high loads. The above figure shows
that serverless computing is good for performance and easier for the developer to handle application logic and not infrastructure,
following agile values of speed and effectiveness. Latency in serverless functions will be:

Ltotal = Z?:l( qunc' +Lqueue' +Lnetwork:) (3)

where Liyrqq is the total latency, Leync, is the execution time latency for function i, Lgyeye, is the queue time, and Lyeyork 1
the network latency. Serverless computing and cold start latency are given as:

Leotastare = @ e bt 4

where L.g1astart 18 the cold start latency, a and 8 are constants based on function complexity and cold start optimizations, and
t is the time since the last invocation.

Table 2: Cost analysis between serverless platforms and the traditional server-based infrastructure

Platform Monthly Requests Serverless (USD) Traditional (USD) | Savings (%)
AWS Lambda 1 Million $25 $50 50%
Google Cloud 1 Million $28 $55 49%

Table 2 presents a comprehensive comparison of cost savings between serverless platforms and the traditional server-based
infrastructure. The table provides the monthly cost for 1 million requests executed by AWS Lambda and Google Cloud
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Functions. The result reflects a whopping cost savings in serverless computing. AWS Lambda costs $25, which would have
cost $50 in the traditional infrastructure, and therefore there are 50% savings. In addition, Google Cloud Functions offered a
cost of $28 instead of the standard model at $55, with a 49% reduction. Throughput in serverless systems is:

Throughput = Mrequests (3)
Ttota1

where Nyeqyests Is the total number of requests served by the serverless functions in a given period and Tto¢q, is the total time
to process all requests. Apart from this, serverless architecture provides scaling elastic in the real sense of the term, i.e.,
resources are provisioned when required and de-provisioned as soon as they are not needed anymore. This helps prevent
wastage of resources, which is inevitable if there is always a fixed number of servers. Through dynamic scaling based on
serverless computing, organizations can conveniently deal with variable workloads and improve the responsiveness and
dependability of applications. The other most important finding in our study was the cost-effectiveness of serverless computing.
Server-based traditional models compel organizations to keep a minimum amount of infrastructure, which would keep resources
idle.

This has an operating expense as companies will be charged for server instances even when idle. Serverless computing, in
contrast, is constructed on the pay-as-you-go framework wherein enterprises are charged according to the computing time used
by their applications. This pay-as-you-go style can achieve monumental cost savings, particularly for composite or mixed
workload workloads. Our cost models suggested a reduction in operating expenditure of 30% using serverless architectures
versus traditional server-based approaches. This cost advantage is driven primarily by eliminating dedicated servers'
provisioning and maintenance costs. Effortless scaling of resources by serverless platforms avoids the need for organizations
to incur expenditures on idle resources. This approach is best suited for applications that receive infrequent or seasonal traffic
because organizations are not forced to provision resources ahead of anticipated peak demands. Besides avoiding expenditure
on improved resource optimization, serverless computing reduces the need for low-level infrastructure management, reducing
labour costs. Server-based platforms leave IT departments with the expense of server management, patching, and updates.

With serverless platforms, all that is avoided by the cloud vendor, leaving internal resources for application development and
other high-value tasks. Companies are thus more in control of their finances, spending on expansion and innovation instead of
managing infrastructure. Latency, or the time it takes for an application to react to a request from a user, is among the most
important determinants of the user experience. Our tests revealed that serverless applications experienced a 40% reduction in
latency compared to the more conventional server-based model. The latency reduction has several explanations, ranging from
the ability of serverless environments to run code closer to the end user to optimized function runtime. Serverless platforms
generally offer distributed networks worldwide to enable functions to run on the closest available server, reducing the physical
distance between the user and the application. It offers faster response times, essential for applications whose tasks are time-
critical or require real-time processing requirements. In addition, the real-time scalability of serverless platforms enables the
applications to respond with low latency even during heavy traffic periods, giving a glitch-free user experience irrespective of
traffic.

—e— AWS Lambda
—a— Google Cloud
0.22 | —+— Azure Functions
0.20
m
°
[
]
@ 0.18
L)
>
1}
[
[
w© 0.16
-
0.14 1
0.12

100 150 200 250 300 350 200 450 500
Number of Concurrent Requests

Figure 3: Scalability efficiency under different user loads

Figure 3 represents the scalability efficiency of serverless stacks (AWS Lambda, Google Cloud Functions, and Azure
Functions) under varied user loads. The multi-graph compares latency (in seconds) and concurrent requests (100 to 500). As
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requests increase, latency remains relatively consistent in serverless stacks, with AWS Lambda having the lowest latency,
followed by Azure Functions and Google Cloud Functions. On the other hand, traditional server-based architectures are more
likely to experience high latencies under load due to resource limitations and scalability bottlenecks. Statistics indicate that
serverless platforms have inherent advantages in managing scalability by scaling resources dynamically based on varying user
loads, capping latency while enabling additional uninterrupted user experience despite spikes in surge traffic. The diagram
shows the size of serverless computing dynamically reacting to handle heavy traffic while sacrificing as much performance as
possible. Thus, it is appropriate for cloud agile applications whose traffic will always change. Serverless platform lines continue
increasing scale capacity, as a witness that they don't cringe at handling high-traffic and real-time applications. Overall, Figure
3 shows the nature of serverless computing in enabling high scalability at the cost of minimal performance loss. Briefly, the
outcome of our analysis confirms the strong advantages of serverless computing in cloud application development. Faster
development speed, scalability improvement, and cost savings demonstrate how serverless architecture transforms application
development and deployment. With no infrastructure overheads, serverless computing enables developers to code more and
focus on business logic, reducing development cycles and operations overhead.

Additionally, scaling the resources dynamically based on demand renders serverless applications highly responsive with
variable loads, and pay-as-you-use offers astronomical cost benefits compared to the traditional server-based approach. With
40% lower latency and 30% lower operational cost, serverless computing is a saviour solution for streamlining companies'
cloud application development process. With the technology improving further, we expect even greater efficiencies and
capabilities, so serverless computing is an excellent enabler of cheap, agile, and flexible software development. The statistics
indicate that the primary advantage of serverless computing is its pay-as-you-go pricing model, which allows clients to pay
only for the actual resources used upon executing functions. This is as opposed to the traditional server-based approach, in
which clients provide a specific amount of resources regardless of their actual consumption. The serverless approach thus
avoids overprovisioning, allowing the resources to be used to their fullest potential and minimising costs.

6. Discussions

The comparison of results presented indicates the effectiveness and benefit of serverless computing in developing agile cloud
applications. Among the major points highlighted through the data, tables, and graphs are the enormous elimination of latency
and cost, which are evident parameters of how serverless architectures can optimize the use of resources and provide an overall
better system performance. Figure 2, which provides serverless compared to conventional architecture performance, has very
good evidence that serverless environments like AWS Lambda, Azure Functions, and Google Cloud Functions respond more
quickly than their conventional server-based equivalents based on response time. Serverless function execution times are always
reduced for all three, with a 40% improvement based on latency compared to their conventional equivalents. This reduction
has value in agile development since it provides rapid iterations and feedback loops, fueling continuous improvement and rapid
response to changing needs. Serverless functions adapt automatically to demand without human intervention, so resources are
allocated dynamically for low latency when demand is high. Figure 3, the scalability efficiency graph, also illustrates how
serverless computing can handle user-load skews efficiently and provide uniform performance even when concurrent requests
are rising. This is one of the primary advantages of serverless systems—their own up or down traffic scalability, which makes
them highly responsive to adaptive project needs. Compared to traditional architectures, where resource assignment is static
and can eventually be overprovisioning or underutilization, serverless computing ensures that resources are used only when
needed, resulting in more efficient operation and better overall resource utilization.

On cost-effectiveness, Table 2 provides strong evidence that serverless computing helps lower operating expenses in a very
considerable manner. This feature aligns with agile practices committed to lowering overhead and delivering value in bulk.
Serverless platforms minimize the need for initial capital in physical or virtual facilities and charge only for the runtime of
functions in actuals, thus lowering the costs considerably. The numbers in Table 2 indicate that for a load of 1 million requests
per month, AWS Lambda and Google Cloud Functions save approximately 50% and 49%, respectively, over the conventional
server-based approach. This saving reaches the bottom line of the economic viability of cloud applications, putting serverless
computing among the next-generation technology alternatives for organizations that work under agile methodology where
constant deployment, cost reduction, and iterative development are key principles. Serverless designs enable organizations to
emancipate themselves from idle server time charges, over-provisioning charges, and infrastructural management charges. This
indicates a more dynamic and cost-effective model for developing cloud applications where resources are utilized most
efficiently against actual demand rather than against expected demands.

Also, the outcomes reiterate serverless computing can enable quicker development cycles, yet another intrinsic factor of agile
methods. The fact that serverless functions have diminished run time and scalability enables one to deploy new functions and
updates easily and faster than before, which is vital in agile development teams. The power to deploy code updates quickly
without worrying about supporting infrastructure enables development teams to concentrate on business logic and functionality,
accelerating time-to-market and overall productivity. This also constructs more stable and secure systems, as serverless
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platforms are automatically scaled and provide fault tolerance, minimizing the chances of downtime or performance bottlenecks
due to traffic spikes. The tables and charts show graphically how serverless infrastructure builds a quicker, smoother
infrastructure for cloud applications with an ability to iterate and deploy new functions rapidly without placing any undue
burden on holding onto servers. Overall, the data results are evident in that serverless computing not only possesses technical
performance benefits—i.e., reduced latency and higher scalability—but also has considerable cost benefits, a requirement for
agile development practices. With all these positives included, serverless computing is most likely to be a serious player for
adoption by organizations employing agile practices in cloud application development. The adaptability, scalability, and low
cost of serverless platforms make it possible for teams to quickly deploy and build applications with high reliability and
performance but low overhead. Serverless computing is thus ideal for agile development, with quick and regular value delivery
and low operating and usage expenses.

7. Conclusion

Serverless computing has indeed made cloud application development an economical and flexible system that greatly favours
the scalability and agility of an application. Infrastructure management complexity is abstracted to enable the developers to put
all their focus and effort into programming the business logic. Consequently, it leads to faster development cycles as well as
deployment cycles. This test has examined how serverless architecture delivers behemoth performance gains with faster
response times and reduced latency levels over its traditional server-based equivalents. Secondly, cost benefits offered by
serverless platforms through their pay-as-you-go model and elastic consumption of resources allow organizations to optimize
their operational costs more effectively and prevent wastage. Serverless computing-adopting companies look forward to
tremendous scalability enhancements since serverless platforms automatically provision resources to scale concerning evolving
traffic patterns. The scalability also gives the app room to scale dynamically and deliver performance when it encounters traffic
surges without the intervention of people. Serverless computing also saves development cycles since provisioning and servers
are eliminated, achieving real-time release of updates and features. Overall, serverless computing is the best choice for the fast
development of cloud applications. It enables fast development, scalability, and application deployment at zero cost of
operations and operational overhead. Over time, as serverless technology improves, its acceptance will only increasingly
pervasively encompass more and more broad areas, with more and more organizations being attracted towards faster, scalable,
and lower-cost software development.

7.1. Limitations

Though serverless computing is largely an advantage, it has some restrictions. The fundamental limitation is that serverless
functions have a "cold start" tendency to reply very slowly if they are idled for some time and then requested to be responded
to. These delays can be extremely dangerous for programs anticipating a timely response, mainly event-driven apps with high-
function call intervals. To accomplish this, the developers must use optimization methods, perhaps function warming or slowing
down. Vendor lock-in is the other major inhibitor that deters platform migration. Because serverless platforms are vendor-
specific, i.e., AWS, Google Cloud, or Azure, it is inconvenient and costly to migrate the applications to another platform.
Serverless developers have to build portability into serverless applications through platform-agnostic architecture and libraries
that minimize reliance on any one vendor as much as possible. Security is a serverless computing concern as well. Although
the cloud providers are secure, having serverless functions spread worldwide creates a greater attack surface. Isolating the
functions so that the dependencies are kept current and sensitive data is processed accordingly remains paramount to keeping
serverless apps in working order and safe.

7.2. Future Scope

Prospects with serverless computing are excellent. Most of the best areas to research in the future include designing fault-
tolerant orchestration tools that will be able to better automate serverless system management, particularly in very large multi-
cloud or hybrid environments. These tools will enhance function deployment performance, monitoring, and scalability so
developers can better manage large-scale serverless applications. Second, infrastructure monitoring must be complemented by
the value of high observability and performance monitoring of serverless stacks. Because serverless applications are deeply
distributed and dynamic, traditional monitoring software won't necessarily be the best. The next step towards serverless
application optimization will be finding revolutionary new monitoring products that provide end-to-end real-time visibility into
function performance, usage patterns, and failure rates. Sound security protection from serverless app attacks is another
challenge that must be thoroughly researched. With the continued rise of serverless computing, secure function runtime, data
integrity, and protection against malicious attacks should be the order of the day on the agenda. Researchers must craft the
future generation of security technologies to address the needs of serverless architecture.

Additionally, serverless hybrid architecture, through Function-as-a-Service (FaaS) and container offerings combined, can also
provide better scalability and performance. By combining the best from serverless and container offerings, the developers will
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acquire an even more powerful and effective platform for the cloud application. By continuously optimising serverless
platforms, designing such hybrid setups will become instrumental in making serverless computing even more efficient and
convenient.
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