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Abstract: Cloud computing has emerged as a powerful technology that provides on-demand access to
shared computing resources such as servers, storage, applications, and networking services over the
internet. Due to its scalability, flexibility, and cost-effectiveness, cloud computing is widely used in
industries, healthcare, education, banking, and business organizations. However, efficient resource
management and load balancing remain major challenges in cloud environments because uneven
workload distribution may lead to increased response time, low throughput, server overload, and
reduced system performance. Therefore, several researchers have proposed different load balancing
algorithms and optimization techniques to improve cloud computing performance.This review paper
presents a comprehensive study of various load balancing approaches and performance parameters used
in cloud computing systems. The study analyzes traditional and advanced algorithms such as Round
Robin, Weighted Round Robin, Min-Min, Max-Min, Opportunistic Load Balancing, game theoretic
approaches, and hybrid scheduling techniques. The review highlights their advantages, limitations, and
impact on system efficiency, resource utilization, and task scheduling
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I. INTRODUCTION

With the widespread use and rapid growth of internet technologies in the present era, Cloud Computing has gained the
popularity for its use in the industry and academia. Its infrastructure is easily accessible for business or any other
purpose across the globe as per the demand of the user. The word “Cloud Computing” is derived from two unique
words, one is “Cloud” which is basically related to network and another is “Computing” which defines itself as
calculation. Therefore, Cloud Computing (CC) may be referred as process and compute data using computers. More
precisely, CC is an IT deployment model used for sharing the resources including servers, hardware, software, data,
analytics, information, intelligence, memory, storage space, web-services, emails, networking, apps, desktop
accessibility, printers, audio, video etc. The internet as a service provided by a single or a group of providers. The
special features like scalability, virtualization and easy use of CC has made it popular among the many industries for
storing and executing their applications [1]. Amazon Web Services (AWS), Google Cloud Platform (GCP) and
Microsoft Azure (Azure) are some of the public cloud service providers that can be found in Figure 1.

The motivation behind this work is to know about the performance factors of load balancing techniques used in Cloud
Computing. For reducing the time to get executed the assigned tasks, it is necessary to distribute the workload
homogenously to the entire available resources after keeping their processing speed in the mind.

The paramount objective of a load balancing technique is to optimize the response time, DC processing time of the
assigned applications and also reduce the required cost. In Cluster Computing, many computers are employed together,
usually Personal Computers or UNIX workstations with redundant connectivity and various storage media to create a
single highly available system. This type of computing is used fort high availability. Cluster proponents claim that in
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some situations, clustering can help a company reach 99.99 percent availability. One of the basic concepts of cluster
computing is that the cluster appears as a single unit or system to the outside world. [6][7].

Cloud Clients
Presentation Layer
Example: browsers, mobile devices

Cloud Applications
Saftware as a Service
Example: Google docs or calendar
Cloud Services
Components as a Service
Cloud Platform Cloud Storage
Platform as a Service Storage as a Service
Example: web server. app server Note: formery utility computing

Cloud Infrastructure
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Mevte: snabled by server virualization

Figure 1: Schematic Diagram of Cloud Computing
When there is a lot of traffic on a website, cluster computing is used to balance the load. A request for an internet page
is routed to a "manager" server for election of similar kind of internet servers for responding the request. Cluster
computing can also be utilised as a low-cost method of multiprocessing for scientific and other applications that benefit
from parallel processing [8].

II. LITERATURE REVIEW
G. Singh Chhabra et al. [1] has explained about the multiple-machine system, where, the chances of anyone of the
machine may be remain being idle, on the other hand, other processors may have multiple tasks. When such type of
situation arises in the system load then the performance can be enhanced by migrating the tasks from the machines with
the overloads to the machines with the less loads. Further, he categorized the Load Balancing algorithms as dynamic
and static. DLB algorithms are flexible to changing scenarios and make judgments at run time, whereas, SLB
algorithms make decisions about job assignment to processor and delays at compile time.
A. Singh et al. [2] has demonstrated about the LBA which is very simple to implement and passes requests to the
registered nodes in a cyclic manner after getting the requests from distinct users. The proposed algorithm is not able to
assign any preference to higher capacity systems during the allotment of the tasks and best suited for the servers of
similar kind of specifications.
According to Shu-Ching et al. [3], hardware technology and required network bandwidth are fast developing.
Therefore, in order to use the network's computing resources to do complex activities that demand large-scale
calculation, the elected nodes must be taken care of, and nodes must be sensibly picked according to the parameters of
the given job in order to maximize the usefulness of the resources. Further, they also suggested Load Balance Min-Min
scheduling techniques for improving system load balancing and execution efficiency.
A. Alnowiser et al. [4] has explained the weighted RR algorithm which executes exactly in the similar way as the
conventional RR algorithm but with a twist. In this technique, the greater number of requests will be catered by the
node which will have higher specifications. Every node will get assigned with the weights well in advance and also get
registered with in the load balancer for fulfilling the required conditions.
V. Mohammadian et al. [5] have stated Fault tolerance is also important in load balancing algorithms, however there
is still a need for more research in this area. This gap inspired authors to conduct the current study, which intended to
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gather and assess existing articles in the subject of fault tolerance load balancing. The available algorithms are being
classified as; centralised and distributed, and then these are evaluated on the basis of important qualitative factors.

G. Liu et al. [6] have elucidated the Min-Min Algorithm and notify the time it takes for pending jobs in a queue to be
executed and completed. The cloud adminstartor allocates tasks to the processors which are efficient to execute the task
within the stipulated period of time. There will a long wait for the process with maximum execution.

Li et al. [7] have explained Max-Min algorithm containing job status table for measuring the real-time load of VMs
along with expected time required for accomplishment of the jobs.

O. M. Elzeki et al. [8] have premeditated the Max-Min algorithm which assigns the task or job named T on the
resource said to be R, where, bigger jobs in the task pool have been assigned the highest priority in comparison to
smaller tasks. Initially, it starts with completion time has to computed for individual task in the resource pool. After
that, task is assigned to the resources which will have least execution time for the completion of the task, then prepared
time of the available resource is being altered and the new planned task is also eliminated from the meta job or task.
This procedure is continuously repeated till the meta-task become idle. The idea behind is to propose this method to get
decreased the stand by time of the assigned jobs.

Maheswaran et al. [9] intended to improve the makespan and balancing the load of data centre by allotting the jobs in
the optimised way. The vital disadvantage of proposed technique is that it does not pay attention to the machine ready
time and also indicates various changes in the load across the virtual machines.

S. C. \Wang et al. [10] have demonstrated a hybrid method by integrating the Opportunistic and Min-Min LBAs. The
purpose to propose this new technique is to manage the load by decreasing the execution time and improving the
efficiency.

S. Penmatsa et al. [11] have projected a game theoretic approach for providing the solutions to static load balancing
problems. Authors have considered the single channel communication in a distributed system which comprises distinct
computers of different configurations. A cooperative game has been proposed for solving the load balancing issues.

0. M. Elzeki [12] et al. have developed an algorithm in which jobs are being assigned purely on random basis without
considering the availability of the machines but focus on execution of the assigned job in minimum time. The basic
motive of the authors to propose this algorithm is to assign a job which has to be completed in the minimum execution
time, however, this approach may lead to imbalance across the devices.

D. Grosu et al. [13] have anticipated a game for getting the client-optimal load balancing approach in non-homogenous
dispersed systems, and named noncooperative load balancing game. The authors have also reported the non-complexity
and optimal allocation of the tasks for timely execution and they have also juxtaposed the proposed approach with
existing load balancing approaches

N. A. Mehdi et al. [14] have perceived an algorithm which executes the job in minimum completion time. The request
of the user is being forwarded to the available VM by the Data Centre Controller and this approach is chiefly based on
speed of the processor along with load bearing capacity of the virtual machines.

Moly et al. [15] have expounded a new Modified spherical Robin formula in which authors have focused on arrival
time and burst time. The burst time and number of processors are considered as the input. Authors incline to arrange all
procedures in ascending order as per predefined explode time and also select for altered time slice depending upon the
number of processes, if processors vary then time slice may also get vary.

Performance Parameters

Cloud Computing performance is evaluated using several important parameters that measure the efficiency, reliability,
scalability, and quality of cloud services. These parameters help analyze the overall performance of cloud systems and
applications.

1. Response Time

Response time refers to the total time taken by the cloud system to respond to a user request. Lower response time
indicates better system performance and faster service delivery.
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2. Throughput

Throughput represents the amount of data or number of tasks processed by the cloud system within a specific period of
time. Higher throughput indicates better processing capability.

3. Latency

Latency is the delay between sending a request and receiving the response from the cloud server. Low latency is
essential for real-time applications and high-speed communication.

4. Scalability

Scalability measures the ability of the cloud system to handle increasing workloads by adding resources dynamically
without affecting performance.

5. Availability

Availability indicates the percentage of time the cloud services remain accessible and operational for users. High
availability ensures reliable service.

6. Reliability

Reliability refers to the capability of the cloud system to perform consistently without failures over a certain period.

7. Resource Utilization

This parameter measures how efficiently system resources such as CPU, memory, storage, and bandwidth are utilized.
8. Energy Efficiency

Energy efficiency evaluates the amount of power consumed by cloud infrastructure while performing computational
tasks.

9. Fault Tolerance

Fault tolerance is the ability of the cloud system to continue functioning properly even when hardware or software
failures occur.

10. Security

Security measures the protection of cloud data, applications, and resources from unauthorized access, attacks, and data
breaches.

11. Load Balancing

Load balancing ensures equal distribution of workloads among multiple cloud servers to improve performance and
avoid overload.

12. Cost Efficiency

Cost efficiency evaluates the economic performance of cloud services by analyzing operational and infrastructure costs
compared to output performance.

13. Bandwidth

Bandwidth represents the maximum rate of data transfer between cloud servers and users over the network.

14. Virtual Machine Migration Time

It measures the time required to transfer virtual machines from one physical server to another during load balancing or
maintenance.

15. Service Level Agreement (SLA) Compliance

SLA compliance measures how effectively the cloud provider satisfies the agreed performance and service quality
standards promised to users.

III. CONCLUSIONS
Cloud computing has transformed modern computing by providing scalable, flexible, and cost-effective services to
users across various domains. Efficient load balancing plays a vital role in improving system performance, reducing
response time, maximizing resource utilization, and maintaining service reliability in cloud environments. This review
analyzed several load balancing algorithms including Round Robin, Min-Min, Max-Min, hybrid methods, and game
theoretic approaches along with important cloud performance parameters such as latency, throughput, scalability, fault
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tolerance, and energy efficiency. The study observed that no single algorithm is suitable for all cloud environments, as
each technique has its own advantages and limitations. Intelligent and adaptive scheduling methods can significantly
improve execution efficiency and workload distribution. Future research should focus on developing secure, fault-
tolerant, energy-aware, and Al-based load balancing techniques capable of handling dynamic and large-scale cloud
computing environments more effectively.
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