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ARTICLE INFO ABSTRACT

Received: 03 Oct 2024 Efficient resource sharing has become a must for improving system performance and lowering

running costs as cloud-based information systems continue to serve a wide range of large-scale

apps. Traditional ways of allocating resources don't always work well when tasks change, which

Accepted: 15 Dec 2024 wastes time and money. This article suggests a high-tech structure based on machine learning
that can help make the best use of cloud resources. It focuses on features that can predict and
adapt to changes in task in real time. Our method uses both controlled and unstructured
learning to correctly predict resource needs and to find the best way to distribute resources
across virtual machines with the least amount of delay and the highest cost-effectiveness. The
study used real-world cloud task data to run a lot of models that compared standard heuristic
methods to machine learning-based distribution. According to the results, the system is much
more efficient now, with up to 35% less wasted resources and 25% faster response times. We
talk about how choosing the right model (decision trees, neural networks, and support vector
machines) affects the accuracy of predictions and the amount of work that needs to be done.
The study also talks about how the machine learning system can be scaled up or down, showing
that it can work with different cloud platforms and types of applications. The suggested method
lowers the need for human work by automating resource sharing. This lets cloud companies
better handle resources, which makes users happier overall. This study adds to the growing
field of optimizing cloud resources and shows how important machine learning methods will be
in designing future cloud infrastructure. The results show that machine learning is a good,
scalable way to handle resources in cloud settings that are getting more complicated all the
time.

Revised: 04 Dec 2024

Keywords: Cloud Resource Allocation, Machine Learning Optimization, Predictive Analytics,
Cloud Infrastructure Efficiency, Dynamic Workload Management, Cost-Efficient Cloud
Systems.

Introduction

In today's digital world, cloud-based information systems are essential because they let businesses store, process,
and handle huge amounts of data. These systems offer scalable, on-demand tools that can adapt to changing task
needs. This makes them perfect for a wide range of applications, from enterprise-level software to apps for single
users. But this freedom also means that you have to be good at handling resources to make sure that the system
works well, doesn't cost too much, and keeps users happy. Usually, simple formulas or heuristics are used to decide
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how to divide up resources in cloud settings, but these methods may not be able to handle changing demand well.
As a result, resource problems like over-provisioning and under-utilization happen a lot, which causes costs to rise
and performance to be less than ideal [1]. These problems show how important it is to find new ways to assign
resources that are flexible, accurate, and able to make the best use of resources based on current task needs. New
developments in machine learning (ML) [2] have made it possible to find better ways to use cloud systems'
resources. By using insights from data, machine learning algorithms can guess what resources will be needed and
give them out in the best way possible, reducing delay and making the best use of resources. When it comes to
optimizing cloud computer resources, machine learning has a number of clear benefits. Predictive algorithms can
look at trends of past workloads to guess what resources will be needed in the future. This makes sure that
resources are available before demand spikes. Machine learning models can also adapt to changes in hardware and
workload, which lets them be optimized in real time. ML models can learn and get better over time, which makes
them better at handling changing and uncertain jobs than traditional algorithms, which are usually rule-based and
fixed. Figure 1 shows a cloud-based system for allocating resources where many users can send requests for
resources. These calls are handled by the core Resource Allocator/Scheduler, which does two major things: initial
resource allocation and dynamic resource reallocation. When things start out, resources are given out based on set
criteria. But when needs change, the system adjust by moving resources around on the fly. The planner uses details
about both virtual and real resources to make the best use of them and make sure the system runs smoothly. The
final goal is to find the best way to distribute resources so that they meet the needs of users and make the system
work as efficiently as possible.
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Figure 1: Overview of

In this situation, different machine learning methods, like controlled and unstructured learning, have shown
promise for allocating resources. Supervised learning models, like neural networks and decision trees, can guess
how many resources will be needed by looking at past data. Unsupervised learning methods, like clustering, can
find the best way to divide up resources by putting together workloads that are similar. Another type of machine
learning is reinforcement learning, which lets you keep learning by praising efficient allocation and punishing
inefficient allocation. This makes [3] it idealize for making real-time changes to how assets are distributed. The
point of this consider is to make a strategy for allocating resources in cloud-based frameworks that's based on
machine learning. The objective is to create the frameworks run faster and utilize assets more efficiently whereas
moreover lowering costs. By utilizing both anticipated and versatile machine learning models together, the
recommended method tries to foresee changes in workload and relegate assets appropriately, bringing down
operational costs and waste. A big part of this think about is comparing distinctive machine learning models, like
neural systems, choice trees, and back vector machines, in terms of how well they make forecasts, how well they can
be scaled, and how rapidly they can be run. Figuring out the pros and cons of each show will help cloud benefit
suppliers choose the most excellent equation for their one of a kind task patterns and framework restrictions. A lot
of models [4] utilizing real-world cloud task information are utilized to test the proposed structure. The discoveries
appear that apportioning assets based on machine learning not as it were cuts down on squandered assets but too
speeds up reaction times, with up to 35wer assets that aren't being utilized and a 25% drop in delay compared to
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old-fashioned strategies. This ponder appears how machine learning might be utilized to unravel the problems that
come up with designating assets within the cloud. It seem give a solid way to handle assets in cloud frameworks
that are getting more complicated. This ponder includes to the field of cloud resource administration by making a
machine learning framework that can be scaled up and down and can automatically relegate assets in perfect way
the most perfect way. As cloud frameworks get greater and more complicated, machine learning strategies give a
long-lasting and valuable way to create sure that assets are managed efficiently. This ponder appears how vital it is
to utilize smart, data-driven methods for distributing assets in cloud computing. This will allow for future cloud
frameworks that are more quick, effective, and cost-effective.

Literature Review

In recent years, there has been a lot of interest in using machine learning (ML) to improve how resources are
allocated in cloud-based IT systems. This is because cloud settings need more and more flexible and effective
resource management to handle changing tasks. Traditional ways of allocating resources, like static and heuristic
methods, have problems with being scalable and flexible. This has led to a move toward techniques that are based
on data [4]. A lot of research has been done on how ML strategies, such as administered, unstructured, and support
learning, can offer assistance settle these issues and make superior utilize of assets. For illustration, administered
learning models like choice trees and neural systems have been utilized a parcel to anticipate asset request,
appearing superior exactness and reaction than more seasoned methods [5, 6]. These models utilize past
information to figure how numerous assets will be required within the future. This lets cloud frameworks
disseminate assets ahead of time, cut down on delay, and dodge bottlenecks [77, 8]. But one issue that comes up a lot
in the research is that complex models take a part of time and exertion to run, which can make them difficult to
scale in places with a parcel of request [9, 10]. Unsupervised learning strategies, like clustering, have too been
valuable for apportioning assets since they can discover patterns in how work is done that can lead to way better
asset sharing. Ponders have appeared that clustering-based methods let cloud frameworks bunch occupations that
are comparable. This makes way better utilize of assets and spreads out the load [11, 12]. This strategy works
particularly well within the cloud, where work loads change a part and do not continuously take after the same
design. Unsupervised strategies offer assistance keep asset utilize effective indeed when request changes by
changing assets on the fly based on how clusters carry on [13]. Too, these models ordinarily utilize less computing
control than directed learning strategies, which makes them a great choice for overseeing assets in genuine time

[14].

Fortification learning (RL) has ended up and curiously way to separate up assets in real time, basically since it can
alter to unused circumstances. In a real-life framework, an operator works with the cloud and learns perfect way
the most perfect way to utilize assets by getting input on its activities and being paid or rebuffed based on how they
influence execution [15]. RL models can keep making strides their strategies much obliged to this adaptable handle
[16]. This makes them exceptionally valuable in cloud settings where errands and requests alter all the time.
Analysts have found that RL-based asset sharing works way better than both formal and heuristic strategies since it
is more versatile to changing circumstances [17]. RL models do have a few issues, in spite of the fact that, like taking
longer to memorize and requiring more computing control, which can make it difficult to utilize them in places with
restricted resources [18]. Some research has looked into mixed methods that use the best parts of more than one
machine learning technique to get better results when allocating resources. Combining supervised learning for
prediction tasks with reinforcement learning for real-time adaptation, for instance, has shown promise in terms of
both accuracy and flexibility [19]. Hybrid models try to use both the predictive power of supervised learning and the
ability to keep getting better of reinforcement learning to offer a more complete answer for managing resources.
These methods have been shown to cut down on wasted resources and boost cost-effectiveness, which makes them
a good choice for big cloud deployments [20].

Table 1: Summary of related work

Method Key Finding Algorithm Used Limitation
Supervised Learning | Improved prediction accuracy for Decision Trees, High computational
resource demand Neural Networks overhead in large
environments
Unsupervised Effective resource distribution by Clustering Limited adaptability for
Learning identifying workload patterns real-time allocation
Reinforcement Adaptive resource allocation Q-Learning, Deep Q- | Long training times, high
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Learning through real-time interaction with | Networks computational demands
the environment
Hybrid ML Approach | Combined benefits of prediction Supervised + Increased model
and adaptability Reinforcement complexity, requires tuning
Learning
Static Allocation Simple rule-based resource Static Heuristics Ineffective under dynamic

assignment

workloads

Heuristic-Based
Allocation

Incremental improvements over
static methods

Heuristic
Optimization

Limited flexibility, prone to
inefficiencies

Predictive Resource
Allocation

Proactive allocation based on
historical workload analysis

Linear Regression

Low accuracy with highly
variable workloads

Demand Prediction
with Clustering

Reduced resource fragmentation
and improved load balancing

K-Means Clustering

Limited to recurring
patterns in workload
behavior

Real-Time Adaptive
Allocation

Continuous learning to adapt
resource distribution dynamically

Reinforcement
Learning

High computational costs
for real-time adaptation

Neural Networks for
Prediction

High accuracy in demand
forecasting

Neural Networks

Computationally intensive

Decision Trees for

Accurate and interpretable models

Decision Trees

Limited scalability

Prediction for resource demand
Support Vector Reliable resource allocation in SVM High computational cost in
Machines (SVM) moderate workloads large datasets
RL with Reward Improved allocation based on Deep Reinforcement | Slower training, complex
Mechanism performance rewards Learning model setup
Hybrid of Clustering | Enhanced performance by Clustering + Increased computational
& RL clustering tasks and adaptive Reinforcement demands, model complexity
learning Learning
Methodology

A real-world cloud task dataset is used in this study to create and test machine learning models for allocating
resources. The dataset was carefully chosen and preprocessed to make sure it is of high quality and useful. This
incorporates cleaning the information, making it typical, and utilizing highlight designing to discover critical task
trends. We select neural systems, decision trees, and support vector machines (SVM) as machine learning models
since they are great at making expectations. Neural networks are utilized when there are complex, non-linear joins
between asset request and supply. Decision trees make forecasts that are simple to get it and are precise. SVMs are
picked since they are dependable when managing with a wide extend of tasks. Based on past patterns, these guided
learning models offer assistance anticipate asset request, which lets assets be allocated some time recently they are
required. Unsupervised learning strategies, like grouping, are utilized to discover perfect way the most perfect way
to distribute resources. By putting together tasks that are similar, clustering makes load handling better and
reduces resource separation. Real-time, flexible resource allocation is also handled by reinforcement learning, in
which an agent learns by dealing with the system and changing resources on the fly. These machine learning
models are built into the cloud management framework so that data can be added in real time and decisions are
made based on the models.

A. Machine learning Method
1. Decision Tree

The decision trees are a popular machine learning method for predictive modeling in cloud resource distribution. In
cloud resource administration, decision trees can figure how much asset will be required by looking at how work
has been conveyed within the past. They work by partitioning information into parts based on criteria for making
choices. This makes a set of conditions that are organized within the shape of a tree. The demonstrate can sort
employments into groups and figure how numerous assets will be required based on the conditions of each way
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down the tree. This method is especially helpful for cloud frameworks that are utilized within the same way over
and over because it lets you make quick decisions based on rules. But when there's a part of variety in the
information, choice trees may overfit on the off chance that they aren't tuned or trimmed appropriately. Indeed so,
decision trees are still a great option for designating cloud-based assets, where models that are simple to get it are
required for great administration. Choice trees offer assistance move forward overall framework efficiency and
reaction in cloud settings by accurately foreseeing crest utilization times and finding resources that aren't being
utilized to their full potential.

2. SVM

It Machines (SVM) are a solid way to classify things that are utilized to allot assets to cloud-based computer
frameworks. SVMs work particularly well when classifying asset request is difficult and there are a parcel of
dimensions in the information. In this study, SVMs are utilized to sort diverse sorts of workloads into bunches and
figure how numerous assets each gather will need. This makes a difference make the finest utilize of assets by
partitioning them equally among virtual machines. SVM's main strength is that it can discover the leading
hyperplane that divides classes, which lets it make accurate forecasts even when the classes are not isolated in a
straight line. SVM is incredible for complex cloud tasks since it can put data into higher measurements and bargain
with non-linear joins in designs of asset request. However, SVM can be difficult to run on computers, particularly
when managing with enormous datasets. This will be a issue in real-time cloud settings. Indeed with this issue,
SVMs are exceptionally precise and work well for cloud frameworks with clear utilization patterns. When SVM is
used to assign resources, it makes sure that virtual machines get the exact resources they need for best
performance, which improves the efficiency of the cloud system as a whole.

3. Neural Network

Deep neural networks, in particular, are very good at figuring out what cloud-based information systems will need
in terms of resources. Because they can model complicated, non-linear connections, they are perfect for looking at
cloud jobs, which often have a lot of different trends and variations. In this study, neural networks are used to
predict the need for resources by learning from past task data. This lets resources be allocated before they are
needed. Neural networks are made up of many layers of nodes, or "neurons," that are all linked to each other. Each
layer changes raw data by applying learning weights and biases. Neural networks are very good at adapting to
changing cloud settings because their multi-layered structure lets them pick up on small trends in resource
demand.

B. Load Balancing Optimization

Load balancing optimization is necessary in cloud-based frameworks to form beyond any doubt that assets are
utilized productively and virtual machines do not get too active. By spreading unused assignments out fairly among
the assets that are accessible, stack adjusting cuts down on delay and makes strides system speed. Load balancing
calculations alter how assets are utilized in genuine time based on demand in cloud asset administration that's
driven by machine learning. This strategy brings down the chance of asset bottlenecks, makes sure that assets are
shared reasonably, and makes it simpler to include more assets. In the end, good load adjusting makes frameworks
more productive, spares cash, and gives clients improved experience in cloud settings.

Load Balancing Optimization Step-Wise Process
1. Workload Assessment and Allocation Request
- Define the total workload W as a function of incoming user requests Ri for each task i.
W = Y({i=1ton)Ri

- Here, n is the number of tasks. This represents the total demand for resources that needs to be balanced across
servers or virtual machines.

2. Resource Capacity Calculation
- Calculate the capacity Cj of each server or virtual machine j, ensuring it can handle the incoming load.
Cj = (i € T)HRI

- Here, Tj is the set of tasks allocated to server j. This equation ensures that the sum of assigned tasks does not
exceed the server’s capacity.
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3. Load Distribution Decision

- Distribute workloads across servers to minimize the variance in resource utilization. Let Uj represent the
utilization of server j.

~ Y(i € THRI
Uj =2—
Cj

- The objective is to achieve Uj = Uk for all servers j, k to balance the load effectively.
4. Optimization Objective

- Define an objective function to minimize the load imbalance. One common approach is to minimize the variance
of Uj across all servers.

1 _
min (EZ(] =1tom)(Uj — U)z)
- Here, m is the number of servers and U'is the average utilization across servers.

5. Dynamic Adjustment

- Continuously monitor server utilization and dynamically reassign tasks if Uj deviates significantly from U.
Adjust allocation as:

Ri - Tkif|lUj —U|> 6

- Here, § is a threshold for acceptable load deviation. This step ensures that load remains balanced in response to
fluctuating demands.

This model optimizes load balancing by minimizing utilization variance, ensuring that no single server is
overburdened, thus maximizing efficiency and responsiveness in a cloud environment.

C. Dynamic Resource Reallocation

Dynamic resource reallocation is pivotal for adjusting to changes in workload request in cloud situations. This
handle includes reassigning assets based on real-time information to ensure efficient utilization and maintain
service quality.

1. Define Resource Demand (D) and Resource Allocation (A)
- Let Di represent the demand for a specific resource i (e.g., CPU, memory) at a given time t.
- Let Ai be the allocation of the same resource i at time t.
- The objective is to ensure Ai(t) = Di(t) to meet current demand without over-provisioning.
2. Resource Utilization Calculation
- Define the utilization Ui(t) of each resource i at time t as the ratio of demand to allocation.

Di(t)

vi® = 4i(t)

- Ideally, Ui(t) should be close to 1 for optimal utilization. If Ui(t) deviates significantly, reallocation is needed.
3. Define Reallocation Trigger Threshold
- Set a threshold 0 for utilization.
If Ui(t) > 1 + 0 (over — utilization) or Ui(t) < 1 — 0 (under — utilization), trigger reallocation.
- Condition:
If |Ui(t) — 1| > 6,then reallocate resources
4. Reallocation Adjustment

- Determine the required adjustment 4Ai to bring the utilization Ui(t) closer to 1.
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—If Ui(t) > 1 + 6, increase Ai by:
AAi = Di(t) — Ai(t)

—If Ui(t) < 1 — 0, decrease Ai by the same amount, reallocating excess resources to other underutilized tasks.
5. Resource Reallocation Across Tasks

- Define a pool of tasks T requiring reallocation. Redistribute resources to maximize overall efficiency.

- Optimization Objective:

max 2(log(Ui(t))) fori € T

- This objective function ensures resources are allocated to balance utilization across tasks.

6. Iterative Reallocation Process

- Repeat steps 1-5 at regular intervals At to maintain resource equilibrium dynamically in response to changing
demands.

This model enables real-time reallocation by adjusting resources based on utilization, thereby improving overall
cloud system performance and ensuring resources are neither over- nor under-utilized. The reallocation maintains
balance across tasks, optimizing resource use and reducing operational costs.

Results and Discussion

Traditional resource sharing methods and machine learning (ML)-based approaches are compared in Table 2 in a
number of important ways, including Resource Utilization, Latency, Cost Savings, Response Time Improvement,
and Resource Wastage Reduction. All of these measures are necessary to judge how efficient, cost-effective, and
quick a computer system is. The Resource Utilization measure shows a big change with ML-based distribution; it
goes from 72% to 92%, which is a 27.8% rise. Higher resource usage shows that ML algorithms better distribute
resources, matching supply to demand with as little empty space as possible. Traditional, often rigid, methods have
a hard time with this level of efficiency, which can lead to over-provisioning or under-utilization, especially in
dynamic cloud settings where tasks change all the time.

Table 2: Performance Comparison of Traditional vs. ML-Based Resource Allocation Methods

Parameter Traditional Method | ML-Based Allocation | Improvement (%)
Resource Utilization (%) 72 92 27.8
Latency (ms) 120 85 20.2
Cost Savings (%) 10 30 30
Response Time Improvement 0.5 25 24.5
(%)

&fiource Wastage Reduction 0.2 35 34.8
6

Latency, which is another important factor that affects how users feel and how quickly the system responds, has
gone down from 120 milliseconds to 85 milliseconds, which is a 29.2% gain. Less delay means that the ML-based
system can handle new task requests more quickly, which is great for real-time services and apps that need to
process data quickly. Predictive models and other machine learning algorithms can guess what resources will be
needed based on how they have been used in the past. This cuts down on wait times and boosts efficiency. Another
important measure is cost savings, which has gone up by 30%. Traditional methods usually use set or planned
division strategies, which can lead to high costs because resources are not managed well, shown in figure 2. ML
models, on the other hand, constantly improve how resources are used, cutting down on wasteful spending by
changing how resources are allocated based on changes in real-time demand.
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Figure 2: Comparison of Traditional Vs ML-Based Allocation

Both Response Time Improvement and Resource Wastage Reduction show how ML-based resource distribution
works well. The machine learning method cuts down on resource waste by 35% and improves response time by
25%. These improvements show that ML algorithms not only act faster, but they also better distribute resources,
reducing the number of unused resources that would normally raise running costs, shown in figure 3. ML-based
resource distribution greatly improves cloud performance, cost efficiency, and system response, as shown in Table
2. This shows that it has the ability to be a good option to standard resource management methods.
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Table 3: Resource Usage Metrics for Cloud System Performance

memory_usage | network_traffic | power_consumption
0.90 0.27 0.69
0.41 0.61 0.83
1.04 0.31 0.57
0.99 0.61 0.50
0.61 0.61 0.83

In a cloud system, Table 3 shows an outline of key resource usage data, such as memory usage, network traffic, and
power consumption. These are important measures of how well the system is working and how efficiently it is using
resources. Each row shows a different version of the system, which shows how resources are used when different
types of work are being done. The memory usage numbers run from 0.41 to 1.04, which shows that different jobs
use different amounts of memory. A number of 1.04 means that more memory is being used, which suggests that
some instances have high data processing needs, probably because they have more work to do. Keeping an eye on
how much memory is being used can help automatically move memory resources around to avoid slowdowns or
memory shortages.
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Figure 4: Overview of Resource Usage Metrics for Cloud System Performance

Network traffic changes between instances, ranging from 0.27 to 0.61, which shows how much data flow each task
needs. When network traffic is high, like when it's around 0.61, it means that more data is being sent and received,
illustrate in figure 4. This could be because of jobs that need to send and receive data often between computers or
virtual machines. Managing network traffic well makes sure that data transfer speeds stay the same, which lowers
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delay and speeds up the response time of cloud applications. Power usage ranges from 0.50 to 0.83, which is an
important measure for cloud companies that want to save money on energy costs and run their businesses more
efficiently. Higher power usage in instances means that processes use a lot of resources, which can change the cloud
infrastructure's total energy footprint. By closely watching and controlling how much power is used, cloud systems
can make the best use of energy, which is good for the environment and saves money on running costs. Table 3
shows how important it is to keep an eye on metrics that measure how resources are being used in order to get the
most out of a cloud system. This lets managers change to changing workloads and make better use of resources.

Table 4: Impact on resource utilization and response times

Model Resource Utilization (%) | Response Time (ms) | Resource Wastage Reduction (%)
Decision Tree 85 90 20
SVM 88 75 25
Neural Network 92 70 30

Table 4 shows a comparison of three machine learning models: Decision Tree, Support Vector Machine (SVM), and
Neural Network. The Resource Utilization measure shows how well each model uses its resources to make sure that
they aren't wasted and that the system's needs are met. Even though the Decision Tree model works, it only gets
85% of the time used. The SVM model gets 88% of the time and the Neural Network model gets 92% of the time.
Because the Neural Network is used more often, it may be better at predicting and allocating resources, adapting to
changing tasks with little empty space. Because it is so efficient, it works great in systems whose resource needs
change over time and where making the best use of resources is very important. Response Time is a scale that
shows how quickly the system can handle new calls. In this case, the Neural Network model does better than the
others again, with a response time of 70 ms. The SVM model comes in second with 75 ms, and the Decision Tree
model comes in third with 9o ms. The faster reaction times show that the Neural Network model is better at dealing
with real-time data, as shown in figure 5. This is probably because it can see complicated trends and guess what
people will want. Shorter response times improve the user experience by cutting down on delay, which is useful for
apps that need to handle data in real time.

Resource Utilization (%)
B Response Time (ms)
B Resource Wastage Reduction (%)

Decision Tree SVM Neural Network
Model

Figure 5: Performance Metrics Comparison of different ML model

The Resource Wastage Reduction number tells you how well each model gets rid of extra resources that are
assigned but not used. If you cut down on waste by 20% with Decision Tree, 25% with SVM, and 30% with Neural
Network, you had the most efficient system. In this case, the Neural Network shows how well it can keep resources
from sitting idle, which saves a lot of money and energy. Table 4 shows that the Neural Network model is the best in
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all measures, showing that it can make the best use of resources, speed up responses, and waste as few resources as
possible. These findings support the use of advanced machine learning models to improve the management of cloud
resources, especially in systems that need to be quick to respond and save money.

Conclusion

This research shows that machine learning (ML)-based methods can help make the best use of cloud-based
information systems' resources. When ML-driven techniques were compared to standard ways of allocating
resources, big changes were seen in key performance measures like reaction time, resource utilization, and the
amount of resources that were wasted. Traditional methods weren't good at reacting to changing workloads because
they only used 72% of the resources they had and had high delay (120 ms). ML-based methods, especially those that
use neural networks, on the other hand, improved resource efficiency to 92%, decreased delay to 70 ms, and cut
resource waste by 30%. When it comes to all the measures that were looked at, neural networks did better than
decision trees and support vector machines (SVM). This means that they work really well in situations where they
need to be flexible and quick. Neural networks cut resource waste by 30%, which is more than SVM's 25% reduction
and decision trees' 20% reduction. In addition, neural networks had the fastest reaction time (70 ms) and the
highest rate of resource usage. This meant that they were better at predicting changing resource needs and
allocating resources in the best way possible based on real-time task needs. The resource usage data gave us more
information about how ML algorithms can be changed to fit new situations. For instance, the fact that memory use,
network traffic, and power use varied between instances showed how important it was to flexibly assign resources
to meet the needs of each task. This study shows how ML-driven resource sharing methods could improve the
performance, cost-effectiveness, and response of cloud systems. As cloud infrastructure gets more complicated,
using machine learning-based methods, especially neural networks, will make resource management more long-
lasting and effective, meeting the needs of both operations and users. The results show that ML optimization is a
key part of making cloud systems future-proof in digital worlds that change quickly.
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