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Abstract: Cloud computing is the transformation of IT infrastructure into a utility which allows the
users to plug-in infrastructure over the internet, and utilizes the computing resources without their installa-
tion and maintenance on-premises. It is time-consuming and a headache to manage resources on your own.
Cloud computing provides shared and dedicated resources to facilitate large scale tasks or time-consuming
tasks. To get the full benefit from cloud computing we need algorithms to allocate resources according to
client needs and algorithms for fast access to the cloud servers. Here comes load balancing. Load balancing
is a technique to distribute load among various nodes to improve job response time and resource utilization.
Cloud analyst is a software used to simulate cloud applications performance under different deployment con-
figurations. This paper simulates results on different scheduling algorithms i.e. Round Robin, Equally Spread
Current Execution(ESCE) and Throttled load balancing algorithms. The aim of this paper is to discuss load
balancing algorithms’ efficiency and report with a simulation software Cloud Analyst on how difference in
scheduling algorithms results in reduced time taken by requests. The various algorithms are compared using
the average response time as the primary parameter with predefined fixed metrics to compute the difference in
results based on nature of the algorithms. The paper simulates the algorithms and their response time based
on the result along with a brief discussion on the state-of-the-art in load balancing algorithm.

Keywords: Chatbot marketing efforts; Customer brand relationships; Electronic word of mouth;
Brand relationship.

Introduction

Cloud Computing is a growing field in the space of computer technology. It is the dy-
namic provisioning of resources in on-demand fashion and provides an illusion of infinite
computing resources [1]. According to Gartner’s report, cloud technology will revolu-
tionize the existing market and will become a necessity for business in the next five years.
Cloud acting as a mediator brings advanced changes to civilization. Users get advanced
scaling services from the cloud mediator and without knowing the underlying architec-
ture and communication. The scaling can be done on-demand through a pool of shared
resources that are themselves scalable to avoid SLA and meet demands. It is represented
as an ongoing model and represented as a virtual backend architecture using access with
the internet. Users thus making the most of cloud structure can spend less time mim-
icking a machine and more time on productivity of work, saving hours, physical storage
and further reducing risk of data loss. According to NIST standards, the characteristics
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of cloud computing are on-demand self-service, broad network access, resource pooling,
rapid elasticity, and measured service. There are three categories of clouds as discussed
in [1]: public clouds, private clouds, community and hybrid clouds. Public Clouds as the
name refer are intermediary cloud service providers through the internet namely big tech
companies. These companies include Amazon as AWS, Alphabet as GCP, IBM as IBM
cloud. Private Clouds is an organization-based cloud which turns its IT environment into
a cloud and users can access this via services. Hybrid Clouds are the joining of two sepa-
rate clouds public, private.

Before proceeding further, it is worth mentioning that there are various types of ser-
vices models provided by cloud. Services that are provided by the cloud are like Software
as a Service (SaaS) in which users can access different software applications through the
internet with a web browser without buying or managing the whole system. Examples are
Google Drive, Zoho, etc. Another service provided by the cloud is Platform as a Service
(PaaS) which provides an application development framework for developers examples
are Heroku, and Google App Engine. Infrastructure as a Service is another service of
the cloud that provides users with shared servers, storage and network service over the
internet examples are Amazon Web Services.

Cloud computing realization requires addressing a number of challenges such as se-
curity, fault-tolerance, portability, interoperability. We briefly discuss the load balanc-
ing challenge. Cloud computing architecture distributes resources to serve the request
of multiple clients. This distributive architecture delivers services efficiently to users in
different geographical channels. Client requests can be sent to any processor randomly.
Here comes another topic: how these tasks are assigned to the resources so all of the
resources are utilized with optimization. The unbalanced task scheduling creates an im-
balance which means some processors are underloaded and some are overloaded.

Load balancing allows us to distribute the computational load between multiple in-
stances for better client interaction and better utilization of computation and to avoid
improper scheduling of tasks i.e. nodes are overloaded or underloaded in the network or
deadlocking where multiple resources are stuck between each. With the help of proper
load balancing systems, the performance significantly improves. Load balancing can help
in utilizing the available resources optimally using a further containerized application
thus maximizing the cost to resource efficiency.

The objective of this research is to provide a comparative study of various load bal-
ancing algorithms using cloud analyst simulator.

Problem description

Accessing data from a Data Center with multiple VMs to serve at maximum rates re-
quires a highly efficient load balancing model using highly managed algorithm based
on quantitative approach. This quantitative approach is purely based on response time
that gives general results on multiple commutative parameters. This is because users’
engagement time has been reduced and switching time has drastically increased as more
competitors have jumped in with demand for an even fluent UX and focused engagement
mechanisms. This increase has demanded an increase in performance in switching VMs
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according to different algorithms with different policies and mechanics where response
time plays a major role.

Literature Review

Static algorithms and dynamic algorithms are main categories of load balancing algo-
rithms [2]. In the first example the static algorithm includes mostly predefined configura-
tions. The approaches are in some cases cheaper and preferred where tasks information
and execution times remain similar and repetitive. Some static cloud VM management
algorithms include round robin, min/min, max/min and OLB etc. However, using a dy-
namic algorithm, the system utilizes a software-based dynamic monitoring approach that
is scalable, has an extra cost of resource management and is preferred for balancing the
load. There are various other ways in which load balancing solutions for cloud computing
environments are presented in literature. For instance, we can classify the load balancing
algorithms as threshold based, static Vs dynamic, and sender-initiated Vs. receiver ini-
tiated Vs. symmetric algorithms [3, 4]. The load balancer can be a hardware, network
or application layer solution. It must be mentioned that cloud computing works in the
virtualization technique in which a single system is virtualized into many virtual systems
also known as para virtualization. The load balancing technique decides which request
is sent to a virtual machine or which request should be put on hold. We can dynamically
handle load balancing of the entire system by using virtualization technology where it is
convenient to migrate VM and technical things with a change in load.

A number of load balancing solutions have been discussed in [5]. A survey of various
swarm intelligence-based load balancing algorithms are discussed in [6]. These swarm
intelligence algorithms are based on natural phenomena. The way natural phenomena are
performed for optimization can be used for optimized load balancing. In this direction,
Particle swarm optimization-based load balancing algorithm has been presented in [7].
Artificial bee colony optimization algorithm for load balancing has been presented in [8].
A comparison of various meta-heuristic algorithms for load balancing has been presented
in [9]. A fruitfly based optimal resource sharing load balancing solution is proposed in
[10]. Energy efficient load balancing algorithms are a topic of intense research. In this
direction, [11] have presented an energy aware efficient load balancing framework has
been presented. Another work has been reported in [12]. Various resource-aware load
balancing techniques have been compared in [13]. Deep learning, which is the use of
artificial neural networks to learn a predictive function based on input features, have
been used in a number of studies for load balancing. An attention-based deep learning
solution has been presented in [14]. Similarly, a quantum deep learning solution has been
presented in [15].

An agent works on behalf of the end-user to achieve individual goals of the goals of
the society[24]. Over the years, several agent-based solutions have been proposed for load
balancing. Agent based approach for load balancing has been presented in [16]. A smart
agent-based load balancing solution has been presented in [17]. We conclude with high-
lighting various miscellaneous approaches that are relevant to the research done in this
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paper. In this direction, a taxonomy of load balancing algorithms for fog computing envi-
ronments has been presented in [18]. A blockchain based solution for load balancing has
been presented in [19]. Finally, a number of studies have performed comparative stud-
ies of load balancing algorithms for cloud computing. [20] has performed comparative
study of performance of various load balancing algorithms with different service bro-
ker strategies. A comprehensive and systematic literature review of load balancing algo-
rithms has been done in [21]. Latency comparison of cloud data centers and edge servers
are performed in [22]. Further studies perform critical study of existing load balancing
techniques with mentioned algorithms and more parameters [23, 3, 24]. They provide a
greater picture and taxonomy of load balancing algorithms, along with a few metaheuris-
tics approaches to tackle load balancing although very descriptively explained but do not
offer real time evaluations and results are unbiased on scenarios of geological distance
and bandwidth.

Based on the literature review, it has been found that very few studies have done
comparative studies of performance using Cloud Analyst for various load balancing al-
gorithms.We have further performed a comparative study of different algorithms using
cloud analyst.

Methodology

Simulation Tool (Cloud analyst)

Cloud Analyst is a visual representation of CloudSim. What gives an edge to cloud an-
alysts is its ease to simulate and gives the opportunity to simulate load, create separate
data centers, create user bases along with each user base with multiple connections and
simulate VM algorithms. The cloud analyst also encompasses real scenarios that include
bandwidth control and transmission delays for third world countries. With a broker pol-
icy, we can switch different algorithms between data centers for comprehending better
scenarios according to requirements.

Cloud Analyst is a graphical user interface (GUI) based tool on Java developed to help
researchers whose main goal is to simulate the performance of social network applications
according to a wide geo-centers considering delay times and bandwidth allocations. The
tool has been updated multiple times. Utilizing this tool, A large dynamic user base is
configured with data centers having a large audience of social networking users that are
geologically dependent on configurations including UX, response times, Throughput, and
prioritization are obtained while using the social network application.

Cloud Analysts can be utilized for the planning and engineering of enterprise level
cloud based applications and its assistance. This simulation software considers software
and hardware that runs in the cloud while including geographic parameters for a better
real-time experience. They also adhere to the best practices of deployments and main-
tenance and further maintain stability of the system. They further adhere to trending
new market practices and optimizations of cloud management. He has a practical under-
standing of designing, scalability, hardware, and auditing of cloud architectures However
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the General software services are categorized under these 3 including (SaaS), (PaaS) and
(IaaS).

Cloud Analyst further offers broker policies. These brokers are designed to manage
requests based on geographical as well as heuristic basis. These policies further help in
improvement based on the application utilizing these as execution time varies from task
to task and varying responses can be dealt with according to improved statistics.

Each Data center can be manually configured for a variety of factors. The mainly
factors include:

• speed, pricing,

• # of physical units,

• the 0s type,

• architecture of physical units

Further a delay and bandwidth matrix is available. We can use the delay matrix to at-
tach a delay between regions to manage real-time geological differences, while the band-
width matrix can be used to apply bandwidth possibility between regions.

Experimental design

Before going into detail regarding its implementation and execution, we should have as-
sembled some predefined assumptions that will allow algorithms to freely work without
working with some random parameter. These assumptions/ experimental settings are
also shown in Table A.

• Everyone has equal Bandwidth

• There is no transmission delay or packet loss(Distance exists but does not affects)

• Cost is not being considered here

• Instructions Length per second 1024 *1024 bytes

• Server Handling max 4 request at a time for each data center

• Users Simultaneously interact from each user base

• Simulation Duration 24

• Increased the number grouping factor of request from user bases to 103

• Further incorporated a 9 hour peak time, so it is tested on load conditions

• There are 2 data centers

• There are 6 User Bases
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• All user bases belong to respective regions i.e ub0 belongs to r0 till ub5 that belongs
to r5, where ub is User bases and r is Region

• The service broker policy that is utilized to select a data center based on user base is
closest data center

Table A
Experimental design

Simulation parameter Value

Instruction length/ sec 1024 *1024 bytes
Server capacity 4 requests concurrently
Simulation duration 24 hours
Number of data centers 2
User bases 6
Service broker policy Closes data center
Request from user bases 10ˆ3

Implemented Load Balancing Algorithms

This section discusses various load balancing algorithms that have been used for sim-
ulation. It is worth mentioning that different load balancers use different techniques
weighted and non-weighted techniques for scheduling. Following are the simulated al-
gorithms:

First Alive:

It uses the concept of primary and secondary servers also known as backup servers. The
primary server is the default server for accepting any connections; however, when there
is a subsequent load or the server’s health is down, the data center controller forwards
the upcoming connections to the secondary server. The concept of primary in first alive
balancing policy can also be termed as Primary weighted policy since the primary server
handles load to a breakeven.

Round Robin Algorithm:

As the name suggests, it works in a sequencing or one by one manner. As the Data Center
manager receives a ping from a user, it notifies the algorithm so it requests a new VM
for managing workload for further processing. The algorithms find a VM sequentially
from the pool and return the VM identifier to the allocated Data Center for VM process-
ing. Thus, all the requests are entertained one by one in a ring order. There is a further
optimized algorithm which is more of a variant of Round-Robin in which the configured
weighted give a fixed number of opportunities, configured by the weight and the influ-
ence of handling, so if a host is capable to handling twice as much load then the weight
is configured more for that host, the weights can further be adjusted so more allocation
can be done according to requirements. The round Robin algorithm is mainly preferred
where priority or resource starvation is unlikely to happen.
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Active Monitoring Load Balancing or Least Connection:

Active monitoring is a technique that tries to improve the load management by allocating
currently idle or underloaded nodes and distributing the load between nodes. An AMLB
balancer maintains information regarding the nodes and their allocated resources for a
task or VM. The mediator receives a request from the host client for a new VM or job it
scans for the least loaded node or idle node and assigns it the job. In the case where the
algorithm finds more than one VM, Then the algorithm uses a first come first serve basis.
The mediator manages the VM ids to accept it and informs the algorithms to update its
heuristics to ensure seamless running of algorithms with updated values for the appro-
priate allocation. The heuristics are updated to the algorithm. The hooks are placed in
places where if any Vm has it tasks done and is destroyed or either allocated for deallo-
cation, it sends a relevant notification to the mediator so the heuristics are updated in the
algorithm. Thus the count for VMs for deallocation is also reduced.

Throttled Algorithm:

The throttled algorithm executes a throttled load balancer (TLB) to analyze the pressure
on each VM. Note that in this situation, every VM is allocated only one task at a time.
They are assigned another task/ job only if the current is finished successfully. One can
summarize the steps of this algorithm as Listing 1.

Listing 1:
The algorithm of throttled load balancer

1. The job of throttled load balancer (TLB) is to maintain an index
table of all VMs as well as their current states. This can only be available
or busy.
2. The client initially issues a request to the data center controller for
the allocation of the appropriate VM and to execute the recommended job.
3. The data center controller can query the TLB for allocation of the VM.
4. The TLB will scan the index table from top to bottom. This step is
performed until the first available VM is found.
5. If it finds a VM, then TLB returns the VM id to the data center controller.
6. The Data Centre will disseminate the request to the VM identified by the id.
7. In addition, the data center acknowledges TLB about the new allocation
and revises the index table by increasing the allocation for that VM by 1.
8. On the contrary, if the TLB does not find any VM in the available state, it
simply returns a null response.
9. In case of null response, the Data Center Controller will queue the request
till the availability of any VM.
10. Whenever, a VM suitably finishes processing the request, it forwards a
response to the Data Center Controller.
11. Upon receiving the response, the Data Center Controller acknowledges the
TLB regarding VM de-allocation.
12. The TLB thus updates the allocation table by decreasing the allocation
count for the VM by 1.

The TLB functions by analyzing all the VMs and the state of nodes. The VMs are stored
in a dynamic indexed table where continuous allocation and deallocation is done. When
a local user communicates a request for a job, the intermediary or data center controller
disseminates the request to the algorithm to search the next available VM from the table.
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The VMs can only be in one of the two states: available or busy. The job allocated to a VM
determines its ultimate state. The VMs respond by returning the id of the first available
VM by Intermediary and the job is forwarded to VM. The allocation of the VMs table is
updated by a counter of 1 while the algorithm waits for the next job in queue if available
otherwise it sit’s idle and only works on deallocation updates so next allocation can be
done seamlessly. As the next job is handed to the algorithm via the Data Center Controller,
the algorithm changes finds the next available VM for allocation and the process continues
until all the jobs are completed and VMs are deallocated. This results in high performance
and low switching between tasks times.

Equally spread current execution load:

In this the Vm allocation policy works maintaining the information of currently executing
jobs on Vms using a info table while the next next job is parallely assigned to any VM that
is either in state of idle, or busy but with lesser work being done on it. The major benefits
of ESCE include equal distribution of load.

After the initial analysis of the results, following algorithms were selected for further
scrutiny/ performance comparisons:
1) Round robin algorithm: The jobs are given equal time burst for execution
2) Equally spread current execution load: The execution load is equally spread
3) Throttled load balancing: Listing 1 describes the algorithm

Results and Discussion

To analyze the results, there are a number of ways in which various load balancing al-
gorithms can be analyzed. This includes throughput, thrashing, reliability, accuracy,
makespan and scalability [8-10]. This study have employed the response time as a pa-
rameter for comparison. Table B shows the results of round robin algorithm. The results
show the response time by region. There are six user bases UB0-UB5. The response times
are shown as average, minimum and maximum values. It can be seen that the response
time averages around 20-21 ms, while the minimum response time is around 15 ms and
maximum response time is around 25 ms.

Table B
Results of simulation with round robin algorithm

Userbase Avg (ms) Min (ms) Max (ms)

UB0 20.113 15.612 24.314
UB1 20.148 15.112 24.413
UB2 20.004 15.512 24.409
UB3 20.038 15.616 24.459
UB4 20.15 15.716 23.921
UB5 20.147 15.141 24.342

Table C shows the results of the simulation with equally spread current execution load.
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Table C
Results of simulation with equally spread current
execution load

Userbase Avg (ms) Min (ms) Max (ms)

UB0 20.113 15.612 24.314
UB1 20.148 15.112 24.413
UB2 20.004 15.512 24.409
UB3 20.038 15.616 24.459
UB4 20.15 15.716 23.921
UB5 20.147 15.141 24.342

Table D shows the results of simulation with throttled load balancing.

Table D
Results of the simulation with throttled
load balancing

Userbase Avg (ms) Min (ms) Max (ms)

UB0 20.12 15.612 24.314
UB1 20.14 15.112 24.214
UB2 20.043 15.512 24.218
UB3 20.034 15.616 24.459
UB4 20.163 15.716 24.414
UB5 20.114 15.116 24.317

Figure 1 shows the comparison of the algorithms for average case. It can be seen that
round robing algorithm provides a balance of optimal response time for all the user bases.

Figure 1
Comparison of average response time of algorithms

can be concluded from the above results that:

• Cloud analyst results show that the major factor for improved performance is the
requirement of a nearby data center and access to high bandwidth due to high ma-
tured algorithms already developed.
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• The algorithm’s transition is minuscule when zero geographical distance and fixed
bandwidth delay is assumed.

Conclusion & Future Work

This paper presented a comparison of various load balancing algorithms using CloudAn-
alyst simulation tool. We have compared three algorithms i.e. round robin, equally spread
current execution load and throttled load balancing. We have come to the conclusion that
response time varies differently when served over the same conditions under different
algorithms. The round robin, although simple, has proven an effective way of applying
load balancing. The work can be extended by incorporating more algorithms that include
more complex metaheuristics approaches with the same software producing even better
results. It could even further be improved by incorporating realtime geological delays
between round trip times of requests and the bandwidth allocated to routes, the seasonal
changing of load times.

It has also been identified from extensive literature review that following are major
trends in load balancing in cloud computing. The advanced reinforced learning Neu-
ral Network architecture can provide a very extensive results based on commutative ap-
proaches, decision with past data, considering the mitigation of high computing and con-
sidering the size of NN is inversely proportional to load balancers size. Swarm intelli-
gence(metaheuristics approaches) is also been extensively used for load balancing. Yet
another area of research in load balancing is energy efficient load balancing.

As far as the limitation of this study is concerned, a number of issues remain to be
considered for load balancing such as security consideration for load balancing. The issue
of VM migration and thrashing during needs to be catered for. Future work requires more
work in this direction.

We must conclude the paper with highlighting a number of societal transformations
due to the innovation made in this study. As with the invention of switching devices and
transistors, the Moore’s Law have prevailed societies to push the boundaries of social and
economic development. What seemed like a dream are now at the fingertips of sapiens.
More diverse background people collaborate effectively to create a lasting society with
ever changing responsibilities and their deliveries. Cloud computing and its various al-
gorithms can play a significant role in this to bring about even quicker transformations at
the least of expense of costs and is more eco-friendly reducing emissions and contributing
to a better world.
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