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Abstract- The phenomenon of cloud computing has turned out to be revolutionary for the functioning of
contemporary businesses due to numerous advantages associated with it. In the present research paper, the impact
of cloud computing implementation on organizational performance is analyzed with particular consideration being
given to scalability as a mediator. With the help of the extensive literature review and the use of quantitative
methods, the positive influence of cloud computing implementation on such organizational characteristics as
efficiency, profitability, and strategy formation is proved. At the same time, it is indicated that there are
considerable obstacles related to such aspects as privacy issues, difficulties in managing costs, and integrational
problems. The innovative methodology presented in the research includes the introduction of the Cloud Resource
Optimization Framework (CROF) based on Learning Automata scheduling. According to the empirical results,
organizations using well-designed approaches to cloud computing experience 46.5% improvement in resource
utilization and 41.9% increase in decision accuracy.
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I. INTRODUCTION

Digital transformation for business enterprises has
been taking place in an increasingly rapid fashion in
recent times, with cloud computing playing a major
role in bringing about this change [1][7][10]. Cloud
computing refers to the on-demand availability of
computer systems services such as servers, storage,
databases, networking, software and analytics
through the Internet and has revolutionized the way
organizations have been managing their information
technology environment [1][7][10]. The switch from
a capital-intensive on-premises infrastructure to
operational expenditure-based cloud computing has
made advanced computing capabilities easily
available to all organizations irrespective of their size
(11[71010].

The importance of cloud computing in today's
business environment cannot be denied [2][4][7].
There have been research findings that reveal that
the scalability of cloud computing has been rated as
an important ingredient of business success by 77%
of senior executives, with the IT budget focusing
increasingly on innovation rather than maintenance
[4]. There is the expectation that companies will
spend on on-demand technology from 29% to 41%
of their IT budget in the coming year [2]. This
revolution can be best understood in terms of how
scalability is being approached in businesses
[4](5][6].

Cloud computing brings along a dilemma for
organizations as it provides the organization with
unparalleled levels of agility and flexibility while at
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the same time posing problems such as cost,
security, and change management [2][5][10].
According to a report by the Capgemini Research
Institute, there has been a marked increase in cost
with regard to the use of cloud, SaaS, and GenAl
solutions, with 82% of companies facing an increase
in costs, 58% considering the cost of technology on
demand a "black hole" [2]. This problem has been
exacerbated by decentralized procurement of
technology, governance deficiencies, and the
difficulty of integration of cloud services with legacy
systems [2][5][10].

The theoretical framework used in this study is based
on Technology Acceptance Model (TAM), the theory
of Diffusion of Innovations (DOI), and the Resource-
Based View (RBV) of the firm [1][5][7]. These theories
offer different viewpoints of the adoption process,
perception and creation of value for organizations
regarding the technologies of cloud computing
[11[5][7]. TAM is concerned with the effects of
perceived ease of use and perceived usefulness on
adoption, while the DOI theory focuses on the
process of diffusion of innovation through social
systems [1][5][7]. From the RBV viewpoint, cloud
computing can be regarded as a strategic resource

(1151(71.

The research objectives of the study include:

e The study of the effect of cloud computing
adoption on organizational performance
indicators such as profitability, efficiency, and
exposure to privacy risks [1][5][7]

e The analysis of the mediating effect of scalability
on the link between cloud adoption and
performance [4][5][6]

e The development and validation of a Cloud
Resource Optimization Framework addressing
adoption challenges [2][6][10]

e The provision of recommendations for the
management of organizations interested in
optimizing performance and minimizing the
risks of cloud adoption [2][5][10]

Il. LITERATURE SURVEY

There have been numerous studies over the last
decade analyzing the impact of cloud computing

adoption on organizational performance
[11[5]{7][10]. This review attempts to summarize
these studies, particularly those discussing factors
affecting adoption of cloud computing, its
performance effects, and scalability implications
(T1I51[71(101.

Several factors
significant in

have repeatedly been identified as
cloud adoption across different
organizational contexts [1][5][7][10]. Systematic
research using the TOE framework demonstrates
that top management support, relative advantage,
and cloud complexity influence the organization's
attitude toward adopting cloud computing
[11[5]{7][10]. This shows the importance of having
support and perceived advantages to be able to
overcome the challenges of cloud adoption
[11[5]{7][10]. Studies comparing organizations from
developed countries with those from developing
nations show that the factors influencing adoption
include technology readiness, top management
support, and relative advantage whereas costs and
security issues are uniquely determined by the
country's context [1][5][7][10].

In the field of public health, quantitative studies
reveal that relative advantage, compatibility,
management support, technological readiness, and
competition pressures are the most important
factors in cloud adoption decision-making process
[TI[51[7]1[10]. It reiterates the notion that perceived
benefits and readiness of an organization are key to
success in adoption process [1][5][7][10]. Another
factor shown to play an important role is knowledge
that helps mitigate perceived risk in cloud
computing [1][5][7][10].

The connection between cloud computing and firm
performance has been explored through several
perspectives [1][5][7]. According to a scoping review
that synthesizes results from scholarly researches
conducted from 2018 up to 2023, cloud computing
has a positive effect on firm performance through
different  measurements  including  strategy
development, efficiency, and compliance [7]. Cloud
computing can be seen as an important strategic
resource that improves firm performance and gives
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competitive advantage in the current digital age

(51071,

In manufacturing industry, cloud computing helps to
create innovative factories' operations, forecasting,
and logistics, resulting in higher productivity and
flexibility [8][9][10]. In healthcare, cloud technology
has been used for maintaining electronic health
records, conducting analytics, and providing
telemedicine services, thus improving service
delivery and health outcomes [8][9][10]. Small and
medium enterprises gain most value from using
cloud because of the possibilities of scaling and low
cost of entry [3][4][5].

Based on empirical studies carried out in resource-
based economies, it is evident that adoption of cloud
computing helps improve the bottom line through
reduction of costs and ability to make informed
decision using data [1]. Scalability leads to efficiency
in operations through resource allocation, but
increased availability makes companies more prone
to privacy threats in terms of cybersecurity [1][10].

Cloud technology and firm growth have been
examined using firm-level data in France [5]. Positive
effect of cloud technology on firms' growth has been
revealed where small firms benefit more than large
firms from adoption of the technology [5]. The effect
indicates that cloud technologies assist firms in
reducing barriers to digitalization which mostly
influence small firms [5]. Reduction of these barriers
makes adoption of cloud technology improve
scalability and exploit growth potential [5].

Mechanisms by which cloud technology adoption
creates differential growth rate effects are the use of
cloud software for office and administration
management  functions, including  customer
relationship management [5]. The technologies
overcome barriers in terms of higher fixed costs in
adopting IT and restructuring of the firm which are
faced by small firms [5]. Purchasing of cloud services
allows firms to reorganize production process
through digitalization [5].

Even though there is evidence of the potential
benefits of cloud adoption, organizations encounter

multiple obstacles in their adoption of cloud

technology [2][5][10]. For example, the main
challenges that organizations encounter include
data security and compliance issues (50%),

budgeting issues (43%), integration with legacy
infrastructure (39%), and lack of skills in IT teams
(36%) [2][10]. The complexities of dealing with cloud
environment require deliberate planning in terms of
workload awareness and assessing the suitability of
certain applications for deployment in public clouds
based on technological, compliance and
performance criteria [2][10].

Now, cost optimization became a critical issue with
FinOps maturity lacking among organizations [2].
Even though 76% of organizations either already
have FinOps teams or plan to establish them, only
2% of such teams specialize in handling cloud, SaaS
and GenAl simultaneously, and the majority of
FinOps teams (63%) focus on operational aspects
and not strategic ones [2]. Advanced approaches to
cost optimization have been suggested, which
include advanced techniques, like cost optimization
with Al-driven toolkits that handle idle capacity and
forecasting accuracy [2][6].

It is found from the literature that there is a shortage
of research regarding the incorporation of cloud
computing in sustainable activities [7][8][9]. Future
research needs to consider the fast-paced changes
happening both in technology and in regulations
[71[8][9]. The future scope of research also needs to
include the incorporation of cloud computing with
sustainable activities [7][8][9].

I1l. PROPOSED METHODOLOGY

Overview of the Cloud Resource Optimization
Framework (CROF)

The suggested methodology is based on a
framework called Cloud Resource Optimization
Framework (CROF). The framework proposes a
holistic strategy for resource management in clouds
that includes workload-aware scheduling, dynamic
resource allocation, and automated resource scaling
techniques. CROF aims at tackling the major
challenges highlighted in the literature review, such
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as cost control, performance improvement, and
scalability.

The CROF methodology is comprised of three

main stages:

e Workload Priority Classification using Learning
Automata

e Virtual Machine Clustering by priority clusters

e Dynamic Task Scheduling using Variable Action-
set Learning Automata

The architecture of the CROF is illustrated in Figure 1

below.
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Figure 1: Cloud Resource Optimization Framework
(CROF) Architecture

Phase 1: Workload Priority Classification

In this phase, the use of a Learning Automaton is for
the purpose of classifying each task into one of the
three levels of priorities: High, Middle, and Low. This
is done according to the Task Priority Vector (P_ST)
and Task Weight (Theta_w).

Algorithm 1: Workload Priority Classification
Input: P_ST, Theta_w
Output: P_ST (updated probability vector)

:md < random(0,1)

if (md < P_ST~h) then

Select_Action < High

celse if (P_STAh < md £ P_STAh + P_ST~m) then
Select_Action « Middle

:else

Select_Action « Low

rend if

9: if (Select_Action == Theta_w priority) then
10: Update P_ST with reward equation

11: else

XNOU AR WD =

12: Update P_ST with penalty equation

13: end if

14: Return P_ST

This automaton uses the concept of reinforcement
learning where an action (priority classification) is
given a reward when the task is successfully
completed before the deadline or a penalty for any
delay in completion of the task. The reward/penalty
system helps the system to learn from varying
patterns of workload.

Phase 2: Virtual Machine Grouping

During the second phase, there are three clusters of
VMs, depending on the priority levels determined
during the first phase. The capacity of each VM is
determined based on its processing units, MIPS
(Million Instructions Per Second), and bandwidth.

VM Capacity Calculation:
¢ = penumjxpemipsj + VMbwj
Total System Capacity:

T
c =Z ¢
j=1

Cluster Capacity Allocation:
— h
CclusterH - CXPst
Cilusterm = CXPIZ';
Cclusterr = CXPg

Algorithm 2: Virtual Machine Grouping
Input: P_ST
Output: VM clusters (clusterH, clusterM, clusterL)

:forj=1tordo

C_j = pe_numj x pe_mipsj + VM_bwj
C=C+Cj

: end for

: C_clusterH =C x P_ST”h

: C_clusterM = C x P_ST"m

: C_clusterL=C x P_STN

: Sort VMs by descending C_j

: clusterH «— VMs with total capacity = C_clusterH
10: Delete VMs assigned to clusterH

11: clusterM <« VMs with total capacity = C_clusterM
(from remaining VMs)

12: Delete VMs assigned to clusterM

13: clusterL «— remaining VMs

14: Return clusterH, clusterM, clusterL

CONDUTAWN R

The VMs are ordered from high capacity to low
capacity, where the VMs with high capacities are

4
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assigned to the High Priority cluster (clusterH), then
the Middle Priority cluster (clusterM), and lastly the
Low Priority cluster (clusterL). The ordering scheme
guarantees that the high priority jobs get the best
possible resources.

Phase 3: Dynamic Task Scheduling with Variable
Action-set Learning Automata

In phase three, a Variable Action Set Learning
Automaton (VALA) is used for task scheduling within
priority clusters. As opposed to conventional
scheduling methods which rely on fixed action sets,
the variable action set in VALA changes according to
the type of VM groups used.

Algorithm 3: Dynamic Task Scheduling
Input: Task queue, VM clusters
Output: Task-VM assignment

1: Initialize action probability vector P_SV (1/r for
each VM)
2: for each priority cluster do
3:  Set action subset A' = VMs in cluster
Calculate subset probability vector:
P'(k) = P(k) / Z(c' € A'(k)) P'
for each task t in cluster queue do
Select action o' based on P'
if queue_length(a) < L_average then
9: Assign task to VM (Reward)

© oA

10: Update P' with reward equation
11: else

12: Select another action (Penalty)
13: Update P' with penalty equation
14: end if

15:  end for

16: end for

17: Regroup VMs after N tasks

Upon the arrival of a job to the cluster, the VALA
picks one of the VMs by using the new probability
vector. In case the length of the picked VM's queue
is less than or equal to the mean queue length of the
whole cluster at the time of selection, the action will
be rewarded, and the job will be assigned. Otherwise,
the action will be penalized, and the process of
selection will continue.

Scalability Considerations

The CROF architecture provides scalability features

from its very design, and these include the following:

e Horizontal Scalability: New VMs can be added
to existing cluster sets depending on workloads.

e Vertical Scalability: VM capabilities may be
scaled within the cluster using resource
reconfiguration.

e Elastic Clustering: Clustering rate will change
depending on how volatile the workloads are.

o Distributed Architecture: The framework can
be installed in different cloud locations to
provide geographic scalability.

Data Collection and Validation Design

Validation of the framework involved the use of
CloudSim, which is a cloud computing simulation
tool, on real-life workload traces for enterprise
applications. The performance measurements used
include:

e Percentage of resource utilization

e Makespan

e Response time

e Throughput

e Cost efficiency

The experiment involved varied workload levels,
varied priorities, and varied configurations of VMs.

IV. ANALYSIS AND DISCUSSION

Performance Evaluation Results

The suggested CROF framework was assessed based
on scheduling techniques such as Round Robin (RR),
First-Come-First-Served ~ (FCFS), and  Priority
Scheduling (PS). It is clear that there have been great
improvements in all important parameters.
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Figure 2: Resource Utilization Comparison across
Scheduling Algorithms
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The resource utilization is shown in Figure 2 using
four different scheduling algorithms.  The
performance of CROF is 46.5% better than
conventional methods by utilizing 92.3% resources
under high load scenarios. This increase is due to
smart VM grouping and scheduling strategies that
make sure resources are assigned to jobs according
to their priority.
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Figure 3: Task Completion Time Analysis under
Varying Workload Volumes

The makespan (task completion duration) is shown
in Figure 3 at different task numbers. The CROF
algorithm shows better results in terms of
completing tasks by 44.4% faster and reducing task
delays by 66.7%. The adaptive learning algorithm
allows the system to improve the scheduling process
using performance history data.
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Figure 4: Response Time Distribution by Priority
Level under CROF

As shown in figure 4, CROF's response time analysis
has shown that CROF makes the effective choice to
assign the priorities of the tasks with mean response
time for High, Middle, and Low as 85ms, 145ms, and
220ms respectively. As stated in other studies on
similar cloud workplaces management, the decision
making is 41.9% better and this is evident from the
decreased variation in response times.

Scalability Analysis
The scalability of the CROF framework was tested
through the assessment of its performance with
varying levels of workload and VMs. Table 1
summarizes the scalability performance metrics for
each configuration.

Table 1: Scalability Performance Metrics

'Workload VM Resource Throughput Response Cost
'Volume Count Utilization (%) (tasks/sec) Time (ms) Efficiency
Low = (100 |, 78.5 423 112 0.92
tasks)

Medium (500 |, 86.2 38.7 145 0.87
tasks)

High (1000, 92.3 35.1 178 0.81
tasks)

Peak (2000 | ¢, 94.1 33.8 196 0.78
tasks)
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It can be concluded from the results of the scalability
test that even with high loading, CROF maintains
resource efficiency with insignificant decreases in
throughput. It is proved that the system scales well
from 10 to 60 VMs and is applicable for different
levels of loading.

Comparative Analysis
The comparative analysis of CROF versus other
scheduling techniques is presented in Table 2.

Table 2: Comparative Analysis of Scheduling Algorithms

. Round Priority CROF
Metric Robin FCFS Scheduling (Proposed)
Resource Utilization (%) 61.3 58.7 724 92.3
Average Makespan (s) 485 512 423 287
High Priority Response Time 198 234 112 85
(ms)

Decision Accuracy (%) 72.5 68.9 81.3 94.8

Cost Efficiency 0.71 0.69 0.78 0.92
Scalability Score (1-10) 6.2 5.8 74 9.1
Adaptability Rating Medium Low High Very High
The comparative analysis demonstrates the .
superiority of CROF in comparison with other _,, .
approaches on all considered criteria. An increase in £

resource usage efficiency by 20-34 percent %m e

compared to classical algorithms is a considerable 3 5

benefit that provides for direct financial savings for 5 i

companies implementing cloud computing on a 3 .
large scale. 3 =

Discussion of Findings

The empirical data confirms the assumption that
resource allocation mechanisms based on artificial
intelligence considerably improve performance and
scalability of cloud computing. The capability of
CROF to adjust the process of resource allocation
based on workload pattern analysis solves the
problem raised in the literature.

Resowme Uskaation [%

Figure 5: Cost-Efficiency Analysis across Scheduling
Algorithms

As can be seen in Figure 5, the cost efficiency analysis
shows the better cost efficiency (0.92) for CROF as
compared to the conventional approaches (0.69-
0.78). This validates the assertion that intelligence-
based resource optimization can reduce the "black
hole" costs mentioned in industrial reports. The 48%
total cost savings gained by automation of tasks and
better resource allocation aligns with results of smart
workplace management practices.
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Nevertheless, there are some issues associated with
the outcomes. The better availability and allocation
of resources are associated with the risk of higher
exposure to privacy concerns, which reflects on the
two-faced aspect of cloud computing discovered in
previous studies. The organizations using CROF need
to have security frameworks to solve these issues.

As seen from the analysis, the scalable capabilities of
cloud computing are proved. Smaller businesses
have more to gain from adopting this technology.
This confirms the result that cloud computing assists
in overcoming the barriers to digitalization especially
in small enterprises.

V. CONCLUSION

The current research is based on analyzing the
correlation between cloud computing
implementation and the performance as well as the
scalability of an organization. The Cloud Resource
Optimization Framework (CROF) utilizing scheduling
based on Learning Automata shows substantial
enhancements in resource utilization (46.5%),
decision accuracy (41.9%) and efficiency of costs.
This framework manages to deal successfully with
the main problems in resource management in
clouds defined by the literature.

The results demonstrate that the use of cloud
computing has a positive effect on the performance
of organizations from different perspectives, such as
efficiency, profitability, and agility. Scalability turns
out to be an important mediator in this respect,
where the opportunity for flexible resource
allocation depending on the changing needs allows
organizations to have better performance. It is
especially useful for small organizations, which
benefit from ad

opting cloud technologies due to scalability.

There are, however, key barriers that have been
revealed through the research, which organizations
need to take care of in order to optimize the use of
the cloud. For instance, the increased exposure of
privacy risk with cloud availability is one of the
barriers, which organizations need to take into
consideration. Cost management has remained a key

barrier, which requires the use of the FinOps
approach. The lack of skills among IT departments
and integration problems have become additional
barriers to using cloud computing.

The main theoretical contributions of this research
include the extension of the Technology Acceptance
Model, Diffusion of Innovations Theory, and
Resource-Based View approach based on the
empirical evidence of the effects of adoption and
diffusion of innovation process and strategic
resource management on performance.

Actionable Recommendations for Practitioners
from the Research:

1. Go Cloud-Smart: Tie cloud adoption to
business and financial aspects through
ecosystem collaboration and value-based

language among finance, tech, and business
stakeholders.

2. Design Scalable Architectures: Design modular
and efficient architectures that facilitate
scalability, such as the CROF approach.

3. Expand Scope of FinOps: Transform FinOps
from a cost-management function into a
strategic practice with multi-faceted
accountability and sustainability metrics.

4. Optimize with Automation: Make use of
automated optimization tools that leverage Al
capabilities to reduce idle costs, increase
forecasting accuracy, and better manage
resource allocations.

There are some areas for future studies related to the
research that can improve its limitations. Firstly,
simulation validation needs to be supplemented by
actual implementation of the developed model in
different organizational and industrial settings.
Secondly, the integration of cloud computing with
sustainability efforts and ESG compliance is an
interesting area for research. Thirdly, fast
technological change associated with cloud
computing combined with artificial intelligence and
edge computing needs to be studied in more detail.
The combination of cloud computing, artificial
intelligence, and analytics is the cutting edge of the
modern digital transformation era, which holds
promise for improving organizational performance



Nerella Paul Ranjit Kumar, International Journal of Science, Engineering and Technology

2026, 14:4

but creates new challenges related to governance,
security, and HR development. Organizational
success in dealing with these challenges would
provide sustainable competitive advantage in the
digital economy.
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