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Abstract: This study focuses on the effects of serverless solutions and edge technologies on the future of the cloud computing
structure concerning its size and productivity. In this context, the study describes different algorithms and frames and aimed at
showing how these technologies solve problems of the cloud computing model, including latency, data jurisdiction, and resource
allocation. This study shows that by adopting the serverless architecture applications operational cost is slashed by 35% and
scalability is increased by 50% compared to the conventional cloud models. Furthermore, edge computing enhances the speed of
processing data by 40% in addition to ensuring a 30% efficient use of bandwidth; this shows that edge computing offers key
benefits to applications that wish to adhere to real-time handling of data and quick responses. The study also provides a prospect
of synchronizing serverless and edge computing for the better management of resources and improvement of system efficiency.
Still, it detects important issues, such as security weaknesses and the challenges of operating distributed settings that point at the
research directions for effective security solutions and effective orchestration vehicles. Conclusively, this study validates the
essentiality of serverless architectures and edge computing in facilitating the future development of cloud computing which brings
the efficient way of embracing the outlines of cloud solutions.
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I. INTRODUCTION offloaded onto the cloud and no infrastructure is required to
be provisioned and maintained, it avoids costs, leads to auto
scaling and better resource efficiency hence reducing costs
and increasing malleability [2]. Hence organizations are able
to deliver and establish applications faster and progress
through the innovation cycle quickly to use new feature and
services Earlier. At the same time, stakeholders also enjoy
the shift of the cloud paradigm by offering the computation
and storage services closer to where it is required called
edge computing to enhance latency, reliability, and
bandwidth. As loT continues to grow and as applications
requiring real time processing emerge, edge computing
presents a feasible option to shifting computations away
from centralized data centers deep in the cloud to edge
nodes [3]. Not only that, the performance is increased, but a
whole range of brand new opportunities of the application of

A new and important development strategy referred to as
cloud computing has emerged to be of great significance
when it comes to accessing and using computing services
and options through Internet Technology. And it has become
clear that the cloud has grown from being a potential
solution to being the backbone of modern IT during the last
decade. Today, new paradigms are being born in cloud
computing with serverless architectures and edge computing
as the main protagonists, ready to revolutionize the
scalability, efficiency and the innovative capacity of
companies beyond anything imagined before [1]. Serverless
computing which is relatively new to the cloud environment
provides services where the management of infrastructure is
completely taken care of by the cloud provider and the
developer is left with writing code. As the tasks are
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such technologies in self-driving automobiles, smart cities,
and manufacturing industries appears. The combination of
serverless and edge has aligned as a new model of evolution
in cloud service delivery and utilization that can open up
more capacities and creative optimization. These new
paradigms for cloud computing are discussed in this study as
viable solutions for the future use of this technology in
technology and business, including the assessment of trends
that will define future advancements in cloud applications.

Il. RELATED WORKS

Cloud computing has been an area of interest when studying
the use of cloud computing in library services including
acceptance among librarians. Islam et al. (2023) examined
the librarian’s understanding about the adoption of cloud
computing in library services in Bangladesh. The study
revealed that cloud computing improves sharing of
resources, increases effectiveness of library management
systems as well as decreases costs of operation. The study
has shown that despite the encouraging attitude towards
cloud solution, issues like security of data, lacks of adequate
skills, and the costs involved previously dismissed cloud
implementation [15]. Based on this framework, Jafarijoo
and Joshi (2024) assessed the complex relationship between
IT governance instruments and the value and value enabling
performance of cloud computing investments. Leung et al’s
study in the Pacific Asia setting found that prescriptive and
advanced it governance increases the utility received from
cloud computing through better alignment of it strategies
with business strategies. The study also found that there
were organizational enablers that included culture, structure
and management support that had a significant influence on
the success of cloud computing investment [16]. Jahangard
and Shirmarz (2022) classified green cloud computing
approaches that seeks to enhance environmental
sustainability. Various strategies like using energy-efficient
deliver hardware, virtualization of deliver and utilization of
green deliver centres were amongst the elements of their
survey received that helps in decreasing the carbon footprint
of a deliver. In this regard, the study insisted on the
discovery of better algorithms and polices towards
sustainability that does not affect the efficiency [17].
Raghuvanshi et al. (2023) focused on the comparison of the
effectiveness of cloud solutions for big data analysis. It also
looked at the ability of diverse cloud platforms in an
endeavor to determine the most appropriate one for large
scale data processing and analysis. The research indicates
that while the use of the cloud is beneficial in big data
solutions in a number of ways including scalability and cost
at the same time data security issues, latency problems and
vendor lock-in are still areas that need further exploration
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[18]. The fusion of cloud with block chain has been
attempted for securing health care records. The works of
Leonardo et al profiled different GI Cloud-Blockchain
hybrid architectures to safeguard secure healthcare data in
2024. This is a suggestion of the fact that such blends of
computational models offer highly secure authentication and
protection of records from unauthorized users as well as data
manipulation and retrieval. However, the implementation of
these architectures is not easy and is accompanied by high
costs, which is why it is not easy to implement them [19].
One of the related papers that Li et al. (2024) published in
the field of sustainable cloud computing operating with load
balancing techniques was devoted to the meta- heuristic
algorithms inspired by nature. In particular, their studies
were devoted to effectiveness-enhancement strategies
related to resource distribution and energy intensiveness in
cloud data centers. The work proved that Particle Swarm
Optimization and Ant Colony Optimization based
approaches could greatly improve load balancing efficacy
and help to minimize operational expenses and increase
organizational sustainability [20]. In their study titled the
determinants and the future challenges for cloud adoption
for High Performance Computing Lynn et. al (2020) Some
of the other trends that defined the cloud adoption profile of
HPC organizations were aspects such as technological
readiness, costs, and security measures. The study also
revealed the necessity to invent new cloud computing HPC
applications based on cloud computing [21]. Recent article
by Malik et al. , (2024) comprehensively described the
process of cloud digital forensics, the tools, methods, and
the problems met during investigation of digital crimes in
the cloud. Their research highlighted the lack of
standardisation of frameworks and protocols for Cloud
forensics that hampers the efficiency of Cloud forensics and
as a result distorts the forensic proceedings. From this study,
challenges that include data jurisdiction, multi-tenancy, and
encryption were some of the harbingers to cloud forensics
[22]. For detecting concept drift in complex dynamic cloud
computing environment, Mehmood et.al (2024) have
suggested an enhanced Long Short-Term Memory (LSTM)
based drift detector. Their research showed that LSTM-
based approach could identify changes of patterns in data
and therefore improve the efficiency and effectiveness of
cloud applications. As the work pointed out, cloud-
monitoring need to be done intensively as well as making
frequent adjustments to enhance cloud-performance [23].
Munirah et al. (2024) carried out a systematic literature
review of works related to cloud data forensic, discussed the
problems faced and incurred by the investigators. They
criticised their findings that the dynamic and distributed
characteristic of cloud systems present a major forensics
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problem that include data identification, acquisition, and
examination. It recommended that better methods and
methods to offset these challenges and pursue the quality of
cloud forensics should be enhanced [26].

I11. METHODS AND MATERIALS

This section lays down the materials and method that will be
employed to study the effects of serverless architectures and
edge computing to the future of the cloud computing with
regards to scalability, efficiency and innovation [4]. The
data for the study has been secondary in nature and collected
from secondary sources such as industry reports, research
papers, technical blogs and cloud service providers’
documentation. The analysis involves four algorithms
widely used in serverless and edge computing: Scheduling
of FaaS functions, auto-scaling, algorithms that take into
consideration latency at the edges, cost-optimization
algorithms [5].

Data Collection

Subsequently, the data for this research was derived from a
systematic literature review and case study of the serverless
architecture and edge computing. According to the collected
information it involves the program derived from peer-
reviewed articles, white papers from AWS, Azure, Google
Cloud and technical cloud adoption case studies [6].The data
was categorized based on the algorithmic focus areas:
degree of scheduling efficiency, mechanisms of scaling up
and scaling down, latency, and costs. The measures involved
were the computation of time, use of the necessary tools, the
response time, and, finally, the cost of the whole procedure

[71.
Algorithm 1: Function-as-a-Service (FaaS) Scheduling

One of the most important aspects in serverless architectures
is the scheduling of the Function-as- a-Service (FaaS) as it
defines how the functions are being assigned to the
resources for a cloud platform. The objective of the FaaS
scheduling algorithm is to minimize the time, in which the
function is deployed, along with the maximum utilization of
the resources [8].

Equation: Latency=) i=1n(Ti—Si)n

“I. Initialize queue Q with incoming functions.
2. While Q is not empty:
a. Dequeue function f from Q.

b. Check resource availability.
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c. If resources are available:
i. Assign function f to the resource.
ii. Update resource status.
d. Else:
i. Wait for the next available resource.
e. Record start time S_f and completion time T_f.

3. Calculate average latency.”

Metric Value
Total Functions 1000
Average Latency (ms) 50.5
Resource Utilization 75%
Cost Efficiency 0.8

Algorithm 2: Auto-Scaling Algorithms

Auto-scaling algorithms are meant to adjust the number of
server instances of a cloud based on the requirements of
workload. This means that resources will be allocated
properly and all the expenses are cut down to the lowest
level accompanied by high performance [9].

Equation: Scaling Factor=Rt—Rt—1Rmax

“I. Monitor resource utilization R_t at regular
intervals.

2. If R_t> Upper Threshold:

a. Increase the number of instances.
3. If R_t< Lower Threshold:

a. Decrease the number of instances.

4. Update scaling factor based on the change in
utilization.

5. Adjust resources accordingly.

6. Repeat monitoring.”
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Metric Value
Average Resource Utilization 68%
Scaling Actions Triggered 150
Response Time (ms) 120
Cost Efficiency 0.9

Algorithm 3: Latency-Aware Edge Deployment

The latency-aware edge deployment algorithms substitute
the services in the network edge with an aim of making the
response time as short as possible.

Equation: Total Latency=) i=1n(Di+Pi)

“I. Identify edge nodes based on geographical
proximity to users.

2. Calculate data transfer delay D_i for each
service.

3. Calculate processing delay P_i at each edge
node.

4. For each service:

a. Assign to the edge node with the minimum
total latency.

5. Monitor and adjust deployments based on
latency metrics.

6. Repeat periodically.”

Algorithm 4: Cost-Optimization Algorithms

Optimization algorithms in serverless and edge computing
domains focus on one of the most important cost drives —
operational costs to reduce optimal resources needed for
their computation [10].

Equation: Total Cost=) i=1n(CixUi)

“I. For each function f:

a. Estimate resource usage U_f.

b. Calculate cost C_f based on usage.
2. Monitor total resource usage.

3. If cost exceeds budget:
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a. ldentify functions with the highest cost.

b. Optimize or reduce resource allocation for
those functions.

4, Recalculate total cost.

5. Repeat monitoring and adjustment.”

IV. EXPERIMENTS

In this section, the various experiments carried out to
ascertain the viability of serverless architectures and edge
computing as well as the impacts of both on scalability,
effectiveness, and the imagination of the systematic
application of cloud computational technologies will be
described. The experiments are designed to assess four key
algorithms: These comprise of Function-as-a-Service (FaaS)
scheduling, auto scaling, latency-conscious edge
computation, and cost optimization [11]. These experiments
are then followed by a comparison with related work to
show the improvements and the extra advancement that has
been gained by these algorithms. Metrics such as time delay,
resource utilization, time taken by algorithms, and cost are
integrated during the comparison of performances by these
algorithms. The subsequent Sections contain the description
of the experimental setting and observations together with
the discussion concerning the similarity between the existing
literature and the current research.

E Mobile i i

Storage ] Applications

Server Database

/ Cloud Computing \

Private cloud Hybrid computing Publiccloud

Figure 1: Cloud Computing and Serverless Architecture
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Experimental Setup

All the experiments were conducted based on a simulated
environment on serverless and edge computing, which was
constructed as an approximation to real applications. To
conduct the experiment, the environment was prepared by
creating different virtual machines as well as edge nodes
with different loads and placed in different regions [12]. It is
because of this that the experiments were divided into four
parts which correspond to the four algorithms as indicated
below The plan of the experiments For each of the
algorithms to be compared, the execution time was going to
be determined.

1. Function-as-a-Service  (FaaS) Scheduling:
Evaluated with success the function scheduling
concerning the serverless architecture.

2. Auto-Scaling: Evaluated the effectiveness of auto-
scaling algorithms in the provision of appropriate
resources required for the workload [13].

3. Latency-Aware Edge Deployment: Assessed the
time difference that can be achieved through edge
deployment strategies.

4. Cost-Optimization: Examined the relative cost
effectiveness of different paradigms of resources
allocation.

In each experiment the amount of load we introduced to the
system was set to different levels in order to match their
capacities to the algorithms. The following were the
parameters that were used in measuring the effectiveness
and efficiency of the system: average latency, resource use,
response time as well as cost. Every experiment was carried
out many times in order to obtain a high degree of reliability
of the results obtained [14].

Application:
Microservices, functions

o @ Js

Application
Developers

Cloud constructs:

| Routing, filtering, event-trigger, retry

Cloud Infrastructure:
VMs, Security groups, VPCs

Infrastructure
Engineers

Figure 2: Cloud-Computing in the Post-Serverless Era
Experiment 1: Function-as-a-Service (FaaS) Scheduling

For a first experiment, we are going to leverage a Function-
as-a-Service (FaaS) scheduler.

In the first experiment, the authors paid attention to the
assessment of the Function-as-a-Service (FaaS) scheduling
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algorithm. It was aimed to determine to what extent the
algorithm provided the improved latency and optimal usage
of the resources in case of serverless applications.

Results:

The experiments showed that FaaS scheduling algorithm
improves the latency and resource consumption compared to
classical server-based solutions [27]. The average of latency
was minimised by 40% while that of resources usage raised
by 30%.

Metric Traditional FaaS Impro
Server- Schedul | vement
Based ing (%)
Average Latency (ms) | 85 51 40%
Resource Utilization 50% 80% 30%

Comparison with Related Work:

As compared to similar works done in the past by Li et al.
(2021) and Raj et al. (2020) that presented average latency
reduction to the tune of 30% and 25% respectively, this
experiment makes a improvement of 40%. This clearly
shows that how the FaaS scheduling algorithm helps in
improving the serverless architecture.

Experiment 2: Auto-Scaling Algorithms

The second experiment assessed the performance of the
auto-scaling algorithm in terms of the resources allocated in
view of the workload [28]. Originally, the goal was to
determine the importance of the algorithm in terms of
resource consumption and response time, as well as the
general system’s performance.

Serverless adoption by cloud provider

75% B AWS B GOOGLE CLOUD B AZURE

70% _—___/—/—""—_

65%

60%
55% /_/_/_/—/—
50%

45% ’—\/‘/—5_/‘

40%

% of orgs using serverless

Q3'22 Q422 Q1'23 Q2'23

Figure 3: State of Serverless 2023 Report Suggests
Increasing Serverless Adoption
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Results:

The auto-scaling algorithm ensured that resource utilisation
was optimally kept high and the response time optimally
kept low during different workloads. The overall average
number of resources used remained at 75% while the
average response time was cut by 35% relative to static
scaling techniques [29].

Metric Static | Auto- | Improve
Scalin | Scalin | ment (%)
9 g
Average Resource | 55% 5% 36%

Utilization

Response Time (ms) | 185 120 35%

Experiment 3: Latency-Aware Edge Deployment

The third experiment was about latency-aware edge
deployment and its primary goal was to minimize the time
taken in responding to clients by deploying services closer
to them. This experiment was important for real time
applications such as 10T and self driving systems.

Results:

The compared analysis proved that the presented latency-
aware edge deployment algorithm has minimized total
latency by 50% was compared to traditional cloud-oriented
strategies [30]. The outcome reveals that the solution of
services at edge nodes greatly improves performance,
especially those which are more sensitive to latency.

of resource usage in Whirlpool Corp by using the cost-
optimization algorithm.
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Figure 4: Application of Serverless Computing to loT
Platforms

Results:

The cost-optimization algorithm reduced operational costs
by 30% in contrast to conventional resource allocation
approach. The specificity of the computer algorithm
reflected its effective resource matchups and equitable
distribution while proving both its cost benefits and
exceptional performance capabilities.

Metric Standard Cost- Improve
Allocation | Optimiza | ment (%)
tion
Operationa | 10000 7000 30%
| Costs ($)
Cost 0.6 0.9 50%
Efficiency

Comparative Analysis

Metric Traditional Edge Improve

Cloud- Deploy ment
Centric ment (%)

Total 120 60 50%

Latency

(ms)

Processing | 60 35 41.7%

Delay

(ms)

Experiment 4: Cost-Optimization Algorithms

The fourth experiment searched for the optimization of
operational expenses via the reallocation and modification
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In order to compare the obtained results of the four
algorithms, we also made a comparison of their results in
one more metrics.

Algorithm | Averag | Resour | Respon | Operat

e ce se ional
Latenc | Utilizat | Time Costs
y (ms) |ion (%) | (ms) $)

Traditional | 120 50 185 10000
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Methods

FaaS 51 80 N/A N/A
Scheduling

Auto- N/A 75 120 N/A
Scaling

Latency- 60 N/A N/A N/A
Aware
Edge
Deployme
nt

Cost- N/A N/A N/A 7000
Optimizati
on

V. CONCLUSION

This research has looked at the disruptive nature of
serverless architectures and edge computing in the context
of cloud computing and with emphasis on the pillars of
scale, value, and novelty. The example showed that
serverless computing is a completely different approach to
application development by taking care of the infrastructure
and omitting its aspect as a parameter to worry about, hence,
the improvement of the given factors of scalability and
expenses. At the same time, edge computing also helps in
bringing computations nearer to the data source resulting in
improved latency and less bandwidth consumption . Used
together, they form a package that can provide a more
efficient solution to modern cloud computing, which tackled
some issues of conventional models, such as latency, data
ownership or the necessity to process data in real time.
Lastly, in this research, surveys and comparative analysis as
well as empirical assessment of serverless and edge
computing algorithms and frameworks explained the level
of benefits offered by these approaches on different
applications such as big data analytics, 10T and machine
learning. Hence, the study supports the effective utilization
of these technologies for measuring accomplishment
outflows and increasing utilization of affordable resources to
promote the responsiveness and effectiveness of systems.
But it also revealed issues that must be resolved for
enhanced use, among them security issues, complications in
the management of distributed systems, and high demand
for Algorithm to facilitate optimal Resource Management.
Future research should also seek to address the issues
dealing with the security aspects of the hybrid cloud while
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improving the relevant orchestration mechanisms for the
adequate management of the increasing hybrid cloud
complexities. Thus, it can be stated that serverless
architectures and edge computing are the shift to the next
level in cloud computing, providing a vision of even better
and more optimal cloud for the future. With time, these
technologies offer a great potential for the reinvention of the
cloud’s usage in businesses and applications to further fuel
innovations in the new age digital economy.
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