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ABSTRACT

Modern computing paradigms have been completely transformed by the widespread adoption of
cloud computing, which provides scalability and flexibility in resource provisioning. Effective
resource management is still a major issue in cloud environments, though. This project looks into
how load balancing methods in the cloud can optimise resource allocation. The main goal is to
create an intelligent load balancing solution in order to address issues associated with either
excessive or insufficient use of resources. The first step of the project is a thorough review of the
literature to determine any gaps or restrictions in the current load balancing mechanisms. The
requirements analysis, design, architecture, data preparation, and implementation that follow are all

part of the system development phase, which also addresses any obstacles that arise.

A comprehensive testing approach is utilised, succeeded by the display and explanation of
outcomes, encompassing possible juxtapositions with well-established resolutions. A summary of
the project's main conclusions, constraints, and contributions to the field is provided. It also
describes potential directions for future research, imagining improvements and breakthroughs in

resource optimization via adaptive load balancing techniques in cloud computing settings.



CHAPTER 1: INTRODUCTION

1.1 INTRODUCTION

The exponential expansion and advancement of computing, especially in the area of cloud
computing, have brought about a fundamental revolution in the way businesses use and adapt their
computational resources in the quickly changing technological landscape of today. The foundation
of this digital revolution is cloud computing, which provides an extensive range of online services
including servers, storage, networking infrastructure, databases, and more. Access to this
comprehensive package of services is provided by numerous well-known suppliers, including
Google Cloud, Microsoft Azure, Amazon's AWS, and an ever-growing list of industry participants.
Cloud computing is the key to revolutionising resource management paradigms and simplifying
information accessibility inside the cloud ecosystem by enabling remote access to this wide range of
applications and computational resources. Because of cloud computing's unmatched flexibility,
scalability, and affordability, organisations may now overcome old barriers to optimise operations,
boost productivity, and seize previously unattainable chances for innovation and expansion in the

digital era.
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FIGURE 1: STRUCTURE OF CLOUD FOG SYSTEM



CLOUD SERVICE MODELS

Three main service models have become the cornerstones of digital innovation within the vast field
of cloud computing: Infrastructure as a Service (IAAS), Platform as a Service (PAAS), and
Software as a Service (SAAS). These service models were cleverly designed to meet and surpass
the increasing demands of the global market for a wide variety of online services, including as
servers, storage, networks, and databases. While PAAS provides application developers with
extensive platforms to build, deploy, and maintain their applications, SAAS focuses directly on end
users, providing smooth access to software applications. Conversely, IAAS meets the needs of
network architects by providing the fundamental tools required to design and oversee intricate

network infrastructures.

But as the digital world changes and the complexity of contemporary computer programmes grows,
a ground-breaking addition to cloud computing's capabilities has surfaced: the fog computing
paradigm. This innovative idea has received a lot of praise for efficiently bringing processing power
to the edge of the computer network, which reduces latency and improves performance all around.
By enhancing the cloud's conventional architecture, fog computing effectively decentralises
computational resources and distributes them closer to the point of data generation and
consumption, thereby addressing the increased complexity inherent in modern computing
applications. By doing this, fog computing not only increases infrastructure efficiency but also

opens up a world of possibilities for innovation and optimisation in the dynamic digital world.

CLOUD DEPLOYMENT MODELS

Now about deployment we are having a total 4 Cloud Deployment models: 1. Public Cloud, 2.
Private Cloud, 3. Community Cloud, 4. Hybrid Cloud. They function as a virtual environment for
cloud or other computing with an architecture depending on the amount of data. All these four
deployment models are named and defined according to the whereabouts of the infrastructure of the
environment. In meeting the needs of the different organisations these deployment models are
essential. These models provide the flexible frameworks to all the companies so that they can

customise their computing infrastructure in order to meet certain security requirements.
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FIGURE 2: FOG COMPUTING ARCHITECTURE

TASK SCHEDULING

Task Scheduling is an important component for resource management. And for task scheduling we
have two main algorithms Distributed and Centralised. Now the difference in both of them. As there
is only one point of control present, the setup can be easier with the centralised scheduling type. But
problems will reside in the event of system failure. On the other side, we have the second type that
is distributed scheduling, It uses cooperative mapping between the schedulers. Distributed
Scheduling provides increased scalability and also fault tolerance as these two are very important in

the modern world.

Now we have seen two terms first being fog computing and second being the task scheduling.
When these two are combined, that is fog computing being combined with task scheduling, then the
allocation of computing resources among the various tasks is optimised which in turn maximises

the resource utilisation and also improves the system efficiency.



VIRTUAL MACHINES

Now, VM’s that are Virtual Machines are important components of the cloud computing
environment and infrastructure. It is an isolated cloud computing environment which is created by
resources(uses software to run programs and deploy apps) from a physical machine. That is why
Virtual machines allow us to use more than one OS(Operating Systems) at same time on the same
physical machine and hardware. It works by simulating the physical environment through the
software. About control, Virtual Machines (VM’s) are being controlled by a VMM that is a Virtual
machine monitor or a hypervisor. In turn it provides high level segregation of the operating system

and apps.

Virtual Machines (VMs) have become essential tools in today's ever-changing technological
landscape, serving a wide range of businesses worldwide due to their exceptional flexibility,
portability, availability, and resource optimisation capabilities. Virtual machines (VMs) have
become essential tools that enable organisations to improve efficiency, encourage creativity, and
streamline operations. This is especially true for industries that are deeply involved in cloud

computing and software development, deployment, and testing.

"Optimising Resource Ultilisation Through Load Balancing in the Cloud," our project, is
well-positioned to meet the changing needs of this quickly growing technological environment.
Considering the rapid and revolutionary developments of the last few years, our main goal is to
explore the complex field of load balancing strategies in cloud computing settings. Through a
thorough investigation, we hope to gain a deeper comprehension of the various strategies used to

efficiently disperse workloads around cloud datacenters.

Furthermore, we are not content to stop at theoretical research—we are also dedicated to
investigating real-world applications that utilise advanced load balancing techniques to optimise
energy efficiency in cloud datacenters. The strategic placement of Virtual Machines in a way that
maximises performance, minimises energy consumption, and makes the best use of the resources at

hand is essential to this goal.

Our project aims to make a significant contribution to the field of cloud computing by means of
thorough investigation, testing, and analysis. In the end, we hope to clear the path for improved

resilience, sustainability, and efficiency in the digital infrastructure of the future.
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JOB SCHEDULING ALGORITHMS

Job scheduling algorithms are very important for taking care of task execution in the computer
systems for proper resource allocation and utilisation. These job scheduling algorithms maximise
performance of the system and resource utilisation by telling the sequence in which tasks are

executed.

ROUND ROBIN: It is a famous and popular scheduling algorithm which is straightforward and
impartial. The tasks are given a defined sequence which they need to follow for their turn to come
up in a repeating sequence. Hence, every process is assigned a fixed time slot in a sequence. A task
is moved to the back place of the queue if its execution has not been able to be completed within the
allotted time period. Tasks are to be executed for an already defined time quantum. As Round Robin
allocates the same processor time to each task, therefore, Round robin scheduling guarantees that

it's fair to all. Also it provides better performance and responsiveness.

FCFS: First Come First Serve is a very simple job scheduling algorithm. It assigns the task slot to
processes according to their coming time as in the time they arrive. The First one to come is the first
one to be served or handled. Jobs are sended into a queue and carried out one after another in that
queue. The first task in the queue is executed at first followed by the other one in the queue and the
task last in the queue is executed at last. All the other tasks in the queue wait for their turn to come
up. FCFS is the easiest job scheduling algorithm to be set up and executed but it has a problem of

convoy effect. It delays short tasks because long running tasks arrive first.

SHORTEST JOB FIRST(SJF): This technique reduces waiting time by executing the shortest time

taking tasks first,and then it ranks tasks according to their burst or execution time.

PRIORITY SCHEDULING: In this tasks are given priorities through priority scheduling, which
enables higher priority tasks to be completed first. Depending on the demands of the system, it can

be either preemptive or non-preemptive.

MULTILEVEL QUEUE SCHEDULING: Sorts work according to priority by splitting the ready

queue into several smaller queues, each with its own scheduling algorithm.

Efficient job scheduling algorithms are critical to meeting performance targets, maximising
resource utilisation, and guaranteeing equitable resource distribution among diverse tasks in cloud
computing environments. Typically, cloud data centres manage a variety of workloads with
different resource requirements. Appropriate scheduling algorithms can minimise response times,

increase system throughput, and boost overall system efficiency.



In order to distribute resources efficiently, load balancing techniques frequently incorporate job
scheduling algorithms. The goal of load balancing is to split up workloads among several computer
resources in order to maximise efficiency and prevent bottlenecks. Cloud-based systems' overall
performance and efficiency can be greatly impacted by the load balancing framework's choice of

suitable job scheduling algorithms.

Through our project "Optimising Resource Utilisation Through Load Balancing in Cloud," we want
to make it possible to work on optimising resource utilisation and improving system performance in
cloud data centres through the comprehension and application of effective job scheduling
algorithms. These algorithms will be essential to the creation of energy-efficient load balancing

systems designed for cloud environments with dynamic resource allocation.



1.2 PROBLEM STATEMENT

e Research will be conducted to explore various cloud load balancing techniques to
understand their energy efficiency and workload optimization mechanisms.

e Task scheduling is an essential component of resource management in contexts where
applications and cloud-fog networks experience optimization-related issues.

e The project aims to develop an energy-efficient load balancing solution that optimises

virtual machine allocation, and adapts to dynamic resource needs in cloud data centres.

Challenges with Efficient Resource Allocation and Ultilisation: Cloud data centres encounter
difficulties with this. Due to varying workloads and multiple applications running at once, resources
are frequently used inefficiently, which can result in either overuse or underuse of servers and

virtual machines (VMs).

The Significance of Load Balancing: Load balancing plays a crucial role in allocating incoming
network traffic or computational tasks among several servers or resources. An uneven workload
distribution caused by inadequate load balancing can result in bottlenecks, decreased performance,

and wasted energy.

Energy Efficiency Issues: One major issue is the high energy usage in cloud data centres. Aside
from its negative effects on performance, inefficient resource allocation raises operating expenses

and negatively affects the environment by causing needless power consumption.

Workloads in cloud environments are dynamic, changing over time in terms of intensity and
resource requirements. This is known as dynamic workload adaptation. The inability of static
resource allocation to adjust to these shifting demands frequently results in subpar resource

utilisation and possible performance degradation.

Requirement for an Optimal Solution: An intelligent, flexible, and energy-efficient load balancing
system is vital to meet these challenges. This solution should optimise virtual machine (VM)
allocation based on workload characteristics, dynamically allocate resources, and guarantee

minimal energy consumption without sacrificing performance.

This project's main goal is to investigate and assess different load balancing strategies and how they
affect workload optimization and energy efficiency in cloud-fog networks. The goal of the research
is to create and put into practice a novel load balancing solution that maximises energy
consumption, adjusts to fluctuating demands, and intelligently distributes resources while

improving overall system performance.



Project Outcome: The goal of the project is to provide a thorough understanding of load balancing
mechanisms and how they affect performance optimization, energy efficiency, and resource
utilisation. In the end, it aims to suggest and create a novel load balancing strategy that cloud data
centres can actually use to greatly improve resource usage, energy efficiency, and overall system

performance.

1.3 OBJECTIVES

e To understand the current situation and pinpoint opportunities for development, a thorough
examination of the literature on task scheduling approaches for fog computing is essential.
Through a thorough analysis of previous studies and research designs, this work seeks to
provide light on the advantages, disadvantages, and general patterns influencing task
scheduling in fog computing settings. By means of an extensive synthesis of the current
literature, we strive to extract significant discoveries, approaches, and optimal procedures

that guide our future research undertakings.

e The use of cloud and fog computing paradigms for task scheduling is then thoroughly
evaluated in our work, with a special emphasis on important performance measures
including reaction time, throughput, and computational cost. We want to clarify the
advantages and disadvantages of various computer models by empirical evaluation in
practical settings, which will help to guide resource allocation and strategic

decision-making.

e Additionally, our work aims to perform a comparative study of effective task scheduling
algorithms, focusing on how well they can assign jobs to computing resources according to
workload dynamics, availability, and performance. We seek to find and characterise
algorithms that demonstrate greater scalability, reliability, and adaptability in handling the
various needs of fog computing settings by means of thorough benchmarking and

performance studies.



e Using knowledge from the literature review and empirical evaluations, our work aims to
shed light on important directions for improving fog computing task scheduling
state-of-the-art. By combining theoretical understanding with real-world experience, we
hope to provide new perspectives, approaches, and solutions that spur creativity and

improve the effectiveness, scalability, and resilience of fog computing ecosystems.

1.4 SIGNIFICANCE AND MOTIVATION OF THE PROJECT WORK

Effective Resource Usage: Cloud computing environments frequently face issues with either
excessive or insufficient resource use. Ensuring that computational resources, such as servers and
virtual machines, are efficiently allocated based on workload demands requires optimising resource
utilisation through effective load balancing. This optimization may result in lower costs, enhanced

system efficiency overall, and better performance.

Energy Efficiency and Cost Reduction: In cloud data centres, inefficient resource allocation leads to
wasteful energy use. By concentrating on energy-efficient load balancing strategies, the project
hopes to minimise power consumption and consequently lower operating costs and environmental
impact. A cloud infrastructure that is more economical and sustainable can result from optimising

resource usage.

Adaptability to Dynamic Workloads: Resource demands and workloads change over time in cloud
environments. These dynamic circumstances are handled by an adaptive load balancing system,
which cleverly reallocates resources in accordance with the shifting workload patterns. Because of
its flexibility, resources are used as efficiently as possible, allowing for peak performance even in

periods of workload fluctuations or spikes.

Technological Advancements in Cloud Computing: As cloud computing technologies continue to
develop, creative resource management strategies are always needed. By introducing more
intelligent and adaptable resource allocation mechanisms, the project's focus on creating an

effective load balancing solution advances the infrastructure of cloud computing.



1.5 ORGANISATION OF PROJECT REPORT

The research on optimising resource utilisation through load balancing in cloud computing settings
is extensively covered in this project report, which is divided into multiple chapters, each with a
specific function. As the introduction, Chapter 1 gives a succinct summary of the importance and
extent of the project. Subheadings in this chapter clarify the issue statement, objectives, importance,
and motivation. They also establish the framework for the next few chapters and prepare the reader

for a detailed examination of the subject.

In-depth analysis of relevant literature is provided in Chapter 2, which also provides insights into
current research, technologies, and methodologies pertaining to cloud load balancing. Knowledge
gaps are found in this review, which lays a strong basis for creative solutions that will advance the

area.

The complexities of system development are covered in detail in Chapter 3, including requirements
analysis, project design, architecture, data preparation, implementation details, and difficulties that
may arise. This chapter lays the foundation for the project's later stages by diving into the technical

nuances of converting abstract ideas into workable solutions.

In Chapter 4, the emphasis is shifted to the methods and strategies used for testing, with particular
test cases and their outcomes being covered. This chapter provides insightful information on the
developed solution's effectiveness and dependability in practical situations by carefully evaluating

its functionality and performance.

In Chapter 5, the emphasis is on showcasing and evaluating the test findings, along with maybe
drawing comparisons between the developed solution and other methods. The chapter seeks to
clarify the advantages and disadvantages of the suggested solution by a thorough evaluation of these

findings, providing insightful information for further modifications and advancements.



The project's results are finally summarised in Chapter 6, which also highlights its contributions and
discoveries. This chapter also considers the project's shortcomings and provides a forward-looking
viewpoint by talking about possible directions for future investigation. Chapter 6 ensures that the
project's impact goes beyond its immediate focus by concluding the report with a look ahead,

providing the foundation for future innovation and advancement in the cloud load balancing sector.



CHAPTER 2: LITERATURE SURVEY

2.1 OVERVIEW OF RELEVANT LITERATURE

S. Paper Title Year | Tools/ Results Limitations

no. Techniques

1. Overcome load | 2023 | Cloud Faster response | Long execution
balancing computing, times, time for the
problem by MATLAB, Faster task enhanced genetic
weight based Improved completion, algorithm
scheme on Genetic Lower energy
CLOUD algorithm consumption.

2. A Load 2021 | Load balancing | Achieved an Resource
Balancing Algorithm average of 78% | utilisation
Algorithm for Cloudsim resource improved only
the Data Centres Simulator utilisation, moderately
to Optimise More efficient compared to the
Cloud task scheduling. [ existing algorithm.
Computing
Applications

3. Load Balancing | 2020 | CloudSim, Produced Does not offer a
Using Cloudsim Cloud Reports, | resource comprehensive
Simulator In HTML Reports, | utilisation summary of
Cloud Resource graphs, including | research
Computing Utilisation power contributions

Graphs consumption
data.

4. Leveraging 2020 | Load balancing | Produced Does not offer a
energy-efficient algorithms for [ resource comprehensive
load balancing fog computing | utilisation summary of
algorithms in iFogSim graphs, including | research
fog computing power contributions

consumption
data.

5. Energy Efficient | 2019 | JADE The proposed The paper does
Load Balancing framework for | method reduces | not provide
in Cloud Data agent-based the number of detailed
Center Using simulation, migrations due to | quantitative results
Clustering K-means efficient initial for the energy
Technique clustering for VM allocation. savings.

initial VM
allocation




6. Task Scheduling [ 2017 | Genetic The ADGTS Lack of real-world
in Fog Enabled algorithms for algorithm implementation.
Internet of task scheduling | improves task
Things for optimization. makespan in
Smart Cities Simulation for | fog-enabled

performance environments
evaluation. compared to
Min-Min.

Energy consumption in cloud data centres is the subject of a paper titled "Energy Efficient Load
Balancing in Cloud Data Center Using Clustering Technique". The authors suggest an agent-based
model that reduces response time and energy consumption by using k-means clustering for initial
virtual machine allocation. They perform server consolidation to lower the number of active servers
and energy consumption, and they use a novel clustering agent to enhance load balancing. As user
requests increase, the study shows a reduction in virtual machine migrations and an improvement in
response time. Future directions for research include investigating intelligent or self-organised

agents for enhanced energy efficiency, live migration heuristics, and dynamic threshold adjustment.

Due to growing energy costs and environmental concerns, the paper "A survey on techniques to
achieve energy efficiency in cloud computing" examines the urgent need to reduce energy
consumption in cloud computing. It examines a number of energy-saving technologies, such as
scheduling techniques, virtualization, hardware optimization, and clustering. Energy-efficient
hardware, energy-aware scheduling, consolidation, and energy conservation in server clusters are
the four primary categories into which the paper divides energy-saving strategies. In order to
achieve significant energy savings, it emphasises how important it is to implement specific plug-ins
and energy-control centres for large-scale hardware and software networks. The creation of such
solutions to improve energy efficiency in cloud computing environments may be the focus of future

research.

"Load Balancing Using Cloudsim Simulator In Cloud Computing" is a paper that emphasises the
importance of cloud computing in terms of making resources accessible and how widely it is used
in businesses, mainly due to virtualization. It highlights how cloud computing uses a lot of energy
from server machines and how resource allocation is necessary. CloudSim and Cloud reports help
with simulation and modelling of cloud environments. With CloudSim providing a useful modelling
and simulation solution, the paper tackles the problem of effectively allocating resources such as
Virtual Machines, CPU, and Memory to minimise energy consumption in the dynamically

expandable cloud computing environment. One useful tool for evaluating power consumption,



resource usage, and infrastructure costs in customised cloud environments is mentioned: cloud

reports.

A load-balancing algorithm for cloud computing application optimization in Infrastructure as a
Service (IaaS) models is introduced in the paper "A Load Balancing Algorithm for the Data Centers
to Optimise Cloud Computing Applications." It takes into account VM priority and QoS
parameters, and places an emphasis on efficiently allocating tasks to meet Service Level
Agreements (SLAs). According to the results, resource utilisation has improved by 78% when
compared to current techniques, indicating its effectiveness in dynamic cloud environments. In
order to improve performance, future work will refine cloud resource optimization and take into

account extra SLA parameters.

Fog computing is examined in the paper "Leveraging Energy-Efficient Load Balancing Algorithms
in Fog Computing" as a potential remedy for latency and connectivity problems in cloud and smart
device environments. It talks about different fog computing load balancing algorithms, like Source
IP Hash and Round Robin, and stresses the significance of energy-efficient load balancing methods.
The study offers research and developers in the field a useful resource by shedding light on load
balancing techniques and their applicability in fog environments. As the need for effective traffic
management grows, future directions point to the potential for these algorithms in emerging

technologies, online gaming, video streaming, and applications for social causes.

In cloud computing environments, load balancing presents a challenge that is addressed in the paper
"Overcome Load Balancing Problem by Weight-Based Scheme on Cloud". It talks about how cloud
computing is dynamic and emphasises how load balancing reduces efficiency. The study suggests
using an enhanced genetic algorithm to improve virtual machine migration and handle load
balancing issues. The modified genetic algorithm produces better results in terms of reaction time,
completion time, energy consumption, cost, and number of migrations. The results show that the
modified genetic algorithm reduces execution time while maintaining reliability and speed. Further
research could entail comparing this approach to other migration strategies, integrating it with them,

and optimising the results using a hybrid meta-heuristic algorithm.



2.2 KEY GAPS IN THE LITERATURE

Long Execution Times for the Enhanced Genetic Algorithm: This constraint suggests that, despite
having the potential to be successful in resource allocation optimization, the suggested enhanced
genetic algorithm has long execution times. Long execution times may make it less useful in
high-demand or real-time cloud environments, which would reduce its viability for managing

dynamic workloads.

Moderate Resource Usage Improvement Compared to Current Algorithms: The project's suggested
solution may show only modest increases in resource usage in comparison to current or established
load balancing algorithms. This limitation implies that even if the solution offers improvements,

they might not be significant enough to surpass the state-of-the-art methods that are currently in use.

A thorough synopsis of the research contributions is necessary to highlight the project's originality
and distinctive worth. The project may not effectively convey the importance or originality of its

suggested load balancing solution if it is unable to succinctly describe its contributions.

In order to verify the efficacy and significance of the suggested solution, quantitative results are
essential. The project's ability to persuasively illustrate the improvements in energy efficiency could
be limited if comprehensive quantitative data about the energy savings made possible by the load

balancing approach are lacking.

Validating the proposed solution's practical applicability and effectiveness requires a real-world
implementation. Lack of such implementation could undermine the project's credibility and
relevance by restricting its ability to show how the load balancing technique would function in a

real cloud data centre environment.
There are several approaches that could be used to address these limitations:

e Optimising Algorithm Efficiency: To make the algorithm more viable for real-time or
high-demand cloud environments, try to improve its execution time without sacrificing its
efficacy.

e Improving Resource Usage: Optimise the suggested approach to greatly increase resource
usage, with the goal of achieving a greater performance increase than current algorithms.

e Detailed Synopsis of Contributions: Express the project's unique contributions and

innovations in the research field in a clear and concise manner.



e (Quantitative Information to Reduce Energy Use: Perform comprehensive quantitative
analyses to produce comprehensive and convincing data illustrating the energy savings
attained by using the suggested load balancing strategy.

e Real-World Implementation: To confirm the efficacy and viability of the suggested solution,

think about running tests or simulations in actual cloud environments.



CHAPTER 3: SYSTEM DEVELOPMENT

3.1 REQUIREMENTS AND ANALYSIS

In the development of an effective load balancing solution for cloud data centres, a thorough
understanding of requirements and a detailed analysis of the system are essential. This section
outlines the key steps involved in defining the requirements and conducting a comprehensive

analysis.
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SYSTEM REQUIREMENTS

To commence the development phase of our project, it is imperative to delineate the system
requirements comprehensively.
This includes:

FUNCTIONAL REQUIREMENTS:

Load Balancing Algorithm Implementation: Develop and implement the chosen load balancing
algorithm (e.g., Round Robin, Weighted Round Robin) to optimise resource utilisation.

Task Scheduling Module: Create a robust task scheduling module to allocate tasks to computing
resources based on availability, performance, and workload.

Virtual Machine Management: Implement a system for efficient virtual machine allocation,
considering dynamic resource needs in cloud data centres.

Monitoring and Reporting: Incorporate monitoring tools to track system performance metrics and
generate comprehensive reports.



NON-FUNCTIONAL REQUIREMENTS:

Performance: Ensure the load balancing system enhances overall system performance and
minimises response times.

Scalability: Design the system to scale seamlessly with an increasing number of tasks and
computing resources.

Fault Tolerance: Implement mechanisms to handle system failures gracefully and ensure continuous
operation.

Usability: Develop an intuitive user interface for system administrators to monitor and manage the
load balancing process.

3.1.2 SYSTEM ANALYSIS
TASK SCHEDULING ANALYSIS:

Algorithm Evaluation: Analyse the chosen task scheduling algorithm's effectiveness in terms of
response time, throughput, and cost of computation.

Comparison with Alternatives: Evaluate the selected algorithm against alternative scheduling
algorithms to justify its suitability.

LOAD BALANCING ANALYSIS:

Algorithm Performance: Assess the performance of the implemented load balancing algorithm
under varying workloads.

Impact on Energy Efficiency: Investigate how the load balancing solution influences energy
consumption in cloud data centres.

VIRTUAL MACHINE MANAGEMENT ANALYSIS:

Optimization Techniques: Study and implement optimization techniques for virtual machine
allocation to achieve energy efficiency and resource optimization.

Adaptability to Dynamic Resource Needs: Analyse the system's ability to adapt to changing
resource requirements in real-time.



3.2 PROJECT DESIGN AND ARCHITECTURE

SYSTEM ARCHITECTURE CLOUD FOG COMPUTING INTEGRATION

The architectural structure of the system is envisioned to seamlessly combine both cloud and fog
computing features, exploiting the capabilities of each paradigm. Fog computing, functioning at the
network edge, will be crucial in reducing data transmission latency and increasing overall system
efficiency.

Load Balancing Module: Load Balancing Algorithm Implementation: At the heart of the system
architecture lies the implementation of the chosen load balancing algorithm, precisely developed to
distribute jobs efficiently across the varied computing resources at the system's disposal.

Dynamic Resource Allocation: A critical component within the architecture involves the
implementation of a dynamic resource allocation module. This module will dynamically change
virtual machine allocation in response to the real-time fluctuations in resource needs.

TASK SCHEDULING MODULE:

Algorithm Integration: The task scheduling module easily incorporates the selected scheduling
technique, meticulously evaluating critical parameters such as response time, throughput, and cost
of calculation.

Real-time Monitoring: A crucial element of the architecture is the integration of monitoring tools to
track and evaluate task execution times, offering vital insights into the system's performance.

VIRTUAL MACHINE MANAGEMENT:

Optimization strategies: The design comprises the deployment of optimization strategies aimed at
refining the allocation of virtual machines. These strategies prioritise energy efficiency and resource
optimization.
Adaptive Allocation: An important element is the implementation of adaptive allocation techniques,
permitting the system to intelligently distribute virtual machines based on the increasing resource
requirements.

DATABASE DESIGN SYSTEM DATABASE:

Task Information: The system's database structure involves the storage of complete task-related
information, including task kinds, resource needs, and historical execution times.

Virtual Machine Data: Another vital part requires keeping a robust database of virtual machines,
recording specifications, current utilisation, and historical data.



TOOLS AND TECHNOLOGIES

The development and execution of the project leverages a collection of carefully chosen tools,
technologies, and programming languages to provide robustness, efficiency, and seamless
integration. The selection of these components aligns with the project's aims and requirements.

PROGRAMMING LANGUAGE: JAVA

Platform Independence: Java's "write once, run anywhere" approach ensures platform
independence, a critical component in a diversified computing environment.

Rich Ecosystem: The broad Java ecosystem provides a multitude of libraries and frameworks,
facilitating speedy development and debugging.

Community Support: A broad and active Java community ensures accessibility to materials and
support during the development process.
SIMULATION FRAMEWORK: CLOUDSIM

Cloud Environment Modeling: CloudSim is specifically built for modeling and simulating cloud
computing environments, enabling for the testing and validation of the created load balancing and
task scheduling modules.

Customization: The flexibility and customization possibilities given by CloudSim enable the
simulation of varied cloud settings, providing comprehensive testing.

Community Adoption: Being widely embraced in academics and industry, CloudSim fits with best
practices and community standards.

SCALABILITY AND FAULT TOLERANCE

Scalability: The architectural plan promotes scalability, enabling the system to extend horizontally
to accommodate a burgeoning number of jobs and virtual machines effortlessly.

Fault Tolerance: Recognizing the possibility of system failures, the architecture integrates
redundancy and failover solutions. These techniques are meant to handle unexpected failures
without affecting the continued operation of the system.

The thorough architectural design creates a solid platform for the succeeding phases of development
and implementation. It strives to design a system that is not only strong and adaptive but also
corresponds closely with the specified requirements and analysis, ensuring a successful realisation
of the project goals.



3.3 IMPLEMENTATION

The implementation phase entails translating the design specifications into functional code,
ensuring that the system adheres to the defined architecture. This section provides a summary of the
primary components implemented and the approaches followed during this phase.

LOAD BALANCING ALGORITHM IMPLEMENTATION

DYNAMIC WORKLOAD ADAPTATION

To address the dynamic nature of workloads, the implemented load balancing algorithm
incorporates:

Dynamic Thresholds: The algorithm dynamically modifies thresholds for job allocation depending
on real-time monitoring of system performance.

Predictive Analysis: Utilises predictive analysis to foresee potential workload fluctuations, enabling
proactive load balancing decisions.

ENERGY EFFICIENCY OPTIMIZATION
Efforts have been devoted towards achieving energy efficiency without compromising performance:

Power-aware Scheduling: The load balancing method includes power-aware scheduling strategies,
considering the energy consumption characteristics of each computer resource.

Adaptive Resource Allocation: Virtual machines are dynamically allocated, focusing on
energy-efficient servers during peak and off-peak times.

VIRTUAL MACHINE MANAGEMENT IMPLEMENTATION

LOAD BALANCING ALGORITHMS
The virtual machine management module is further enhanced to incorporate allocation to brokers
and cloudlet formations, increasing the overall system architecture:

FCFS-BASED LOAD BALANCING

Implementation: FCFS-based load balancing is extended to assign resources to brokers depending
on their arrival order. Incoming brokers are served in the order of their initiation, providing fairness
in resource distribution.

Objective: FCFS-based load balancing for brokers seeks to offer equitable access to resources for
all incoming brokers, retaining a first-come-first-serve approach.



ROUND ROBIN LOAD BALANCING

Implementation: Round Robin load balancing is expanded to allocate resources to brokers and build
cloudlets in a cyclic way. Each broker and cloudlet formation request is executed in a cyclical
fashion.

Objective: Round Robin load balancing for brokers and cloudlets prevents any single broker or
cloudlet from monopolising resources, guaranteeing a balanced distribution.

SHORTEST JOB FIRST LOAD BALANCING

Implementation: SJF-based load balancing is upgraded to assign resources to brokers and build
cloudlets depending on the projected execution times of their jobs. Tasks with shorter execution
times are preferred.

Objective: SJF-based load balancing for brokers and cloudlets attempts to optimise resource
allocation by prioritising jobs with shorter execution times, boosting overall system efficiency.

ADAPTIVE ALLOCATION TO BROKERS

The virtual machine management module's adaptive allocation technique is enhanced to allow
dynamic allocation to brokers:

Dynamic Broker Allocation: The system dynamically assigns resources to brokers based on
real-time monitoring of their resource demands. This ensures that brokers receive resources
appropriate to their workload.

CLOUDLET FORMATIONS

The module includes techniques for the production and control of cloudlets, aligned with load
balancing objectives:

Dynamic Cloudlet Formation: The system dynamically forms cloudlets based on the incoming
workload. Cloudlets are produced and managed to efficiently process activities.

REAL-TIME MONITORING

The virtual machine management module's real-time monitoring capabilities are enlarged to capture
metrics unique to the extended load balancing algorithms, broker allocation, and cloudlet
formations:

FCFS Load Balancing Metrics: Monitors waiting times and resource allocation order for incoming
brokers under FCFS-based load balancing.



Round Robin Load Balancing Metrics: Tracks the distribution of resource allocations for brokers
and cloudlet formations in a circular fashion, measuring the fairness of distribution.

SJF Load Balancing Metrics: Captures data on task burst times, resource allocation order for
brokers, and cloudlet forms to measure the efficiency of SJF-based load balancing.

The combination of these elements ensures that the system is ready to handle not just various
workloads but also varying resource requirements of brokers and cloudlet formations, encouraging
fairness and efficiency in the allocation process. Rigorous testing and monitoring continue to
validate the reliability and effectiveness of these linked components.

3.4 KEY CHALLENGES

DYNAMIC WORKLOAD ADAPTATION CHALLENGE:

The changing nature of workloads in cloud settings creates a substantial difficulty. Fluctuations in
intensity and resource requirements required a system that can change in real-time to ensure
maximum resource use.

ADDRESSING THE CHALLENGE:

Algorithm Flexibility: The load balancing algorithm utilised in the system is designed to be
versatile, capable of dynamically responding to fluctuating workloads.

Real-time Monitoring: Continuous real-time monitoring of task execution and resource utilisation
feeds the system's decision-making process.

Energy Efficiency Optimization Challenge: Achieving energy efficiency without compromising
system performance is a tricky balancing act. The issue lies in devising systems that optimise
resource utilisation while minimising energy consumption.

ADDRESSING THE CHALLENGE:

Optimization Techniques: The virtual machine management module features optimization
techniques specifically focused at minimising energy usage without losing performance.

Adaptive Allocation: The system's adaptive allocation mechanism dynamically modifies virtual
machine allocation to coincide with energy-efficient practices.

Algorithm Performance Challenge: The performance of load balancing and job scheduling
algorithms can vary based on the specifics of the workload. Ensuring consistent and
high-performance outcomes is a problem.



ADDRESSING THE CHALLENGE:

Algorithm examination: Rigorous examination and testing of the developed algorithms under varied
workload circumstances are undertaken to find strengths and flaws.

Iterative refining: The algorithms undergo iterative refining based on the outcomes of testing to
boost overall performance.



CHAPTER 4: TESTING

4.1 TESTING STRATEGY

The testing process is critical to confirm the functionality, performance, and reliability of the
proposed load-balancing system for cloud data centres. The testing plan involves a thorough
approach to assure the robustness of the system.

TYPES OF TESTING

The testing technique comprises several types of testing, including:

Functional Testing: Validates that each component of the system performs as intended. This
includes evaluating the load balancing algorithm, task scheduling module, and virtual machine

management system.

Performance Testing: Assesses the system's responsiveness, throughput, and resource utilisation
under varying workloads. This covers stress testing, load testing, and scalability testing.

Usability Testing: Evaluates the user interface's intuitiveness and efficacy in handling the load
balancing process.

Security Testing: Ensures that the system is resilient to security threats and vulnerabilities, ensuring
the integrity and confidentiality of data.

Compatibility Testing: Verifies the system's compatibility with multiple cloud settings and provides
seamless integration with different computing resources.
TESTING ENVIRONMENTS

e To imitate real-world circumstances, testing will be undertaken in varied environments:

e Development Environment: Initial testing in a controlled context to discover and solve any

basic flaws.

Staging Environment: Comprehensive testing in an environment that matches the production setup
to identify potential difficulties before deployment.

Production Environment: Final testing to guarantee the load balancing system functions properly in
the live cloud data centre environment.



4.2 TEST CASES AND OUTCOMES

Testing is conducted using a series of written test cases that cover all areas of the system. Each test
case is built to analyse certain features and circumstances, ensuring a thorough review.

FUNCTIONAL TESTING
LOAD BALANCING ALGORITHM IMPLEMENTATION:

Test Case 1: Validate that the chosen load balancing algorithm distributes tasks equitably across
computing resources.

Test Case 2: Confirm that the algorithm reacts to changing workloads and adjusts job allocation
dynamically.

TASK SCHEDULING MODULE:

Test Case 3: Ensure the task scheduling module allocates jobs based on availability, performance,
and workload.

Test Case 4: Verify that the module incorporates real-time changes in resource needs during task
allocation.

VIRTUAL MACHINE MANAGEMENT:
Test Case 5: Validate the efficient allocation of virtual machines considering dynamic resource
needs.

Test Case 6: Confirm the implementation of monitoring tools for tracking system performance
indicators.

PERFORMANCE TESTING

LOAD BALANCING ANALYSIS:

Test Case 7: Assess the load balancing algorithm's performance under varied workloads.

Test Case 8: Measure the impact of the load balancing system on energy usage in cloud data
centers.

VIRTUAL MACHINE MANAGEMENT ANALYSIS:

Test Case 9: Evaluate the adaptability of the system to dynamic resource requirements.

DATABASE DESIGN:

Test Case 10: Confirm the accuracy and speed of retrieving task-related information from the

system database.
USABILITY TESTING



Test Case 11: Evaluate the intuitiveness of the user interface for system administrators in
monitoring and managing the load balancing process.

TESTING OUTCOMES
The outcomes of the testing phase will be reported, outlining any concerns identified and their

resolutions. A complete test report will be prepared, providing insights into the system's
performance, dependability, and conformance to the set standards.



CHAPTER 5: RESULTS AND EVALUATIONS

5.1 RESULTS

This study seeks to assess how well scheduling algorithms perform in a fog computing setup. The
algorithms will be tested in a heterogeneous fog environment, and the system's performance will be

evaluated based on the make span time of the scheduling algorithm.

The following are the parameter constraints we took for the performance analysis of our model:
e AVERAGE TIME TAKEN - This is the average time taken by one process to complete.
e START TIME- When a process is assigned to the processor to be processed.

e MAKE SPAN TIME - The amount of time that elapses between the start and finish of a

sequence of operations in a group of machines is referred to as the make span.
e FINISH TIME- The completion time is the point at which the process execution ends.

e MINIMUM TIME TAKEN- This is the Minimum time taken by a process in a

Algorithm among all process

e MAX TIME TAKE- This is the Maximum time taken by a process in a Algorithm

among all process

e AVERAGE START TIME OF PROCESS FOR VM- This is the average start time of the

process in an algorithm

e LAST FINISH TIME FOR A VM - Last finish time meaning the last process that

entered its leaving time

In conclusion, the evaluation of scheduling algorithms in a fog computing setting becomes a critical
undertaking to guarantee efficient work distribution and best use of available resources. The model's
performance was assessed using a number of important parameter constraints, including make span
time, average time taken, start time, finish time, minimum and maximum time taken, average
process start time for virtual machines (VMs), and the last finish time for a VM. We determined the
effectiveness and efficiency of these algorithms through extensive testing in a heterogeneous fog
environment, revealing subtle insights into their performance dynamics.



Notably, our results demonstrated the strong influence of starting population sizes on the
algorithms' performance, emphasising the role of this parameter in determining the algorithms'
operational efficiency. This research adds to the body of knowledge in this field and provides useful
insights for future approaches to resource allocation and task management by clarifying the
complexities of scheduling algorithms within the fog computing paradigm. Thus, our research lays
the groundwork for improving the resilience and effectiveness of fog computing ecosystems and
opens the door for the creation of creative solutions that maximise performance and improve
operational effectiveness in an ever-evolving technological environment.

FCFS SCHEDULER RESULTS

The FCFS scheduler performance analysis was based on the task ID's start time, end time, and make

span time

TABLE 1: FCFS SCHEDULER RESULTS

Data VM Start Finish
Process ID | STATUS | CenterID | ID Time Time Time
0 SUCCESS | 2 2 3197.36 | 0.2 3197.56
1 SUCCESS | 3 6 3323.73 1 0.2 3323.93
2 SUCCESS | 2 2 4115.78 | 3197.56 | 7313.34
3 SUCCESS | 3 6 470.38 | 3323.93 | 37943
4 SUCCESS | 2 3 2138.51 ] 0.2 2138.71
5 SUCCESS | 2 4 1953.32 | 0.2 1953.52
6 SUCCESS | 2 4 1554.43 | 1953.52 | 3507.95
7 SUCCESS | 2 3 2598.04 | 2138.71 | 4736.75
8 SUCCESS | 2 3 1870.24 | 4736.75 | 6606.99
9 SUCCESS | 2 3 730.9 6606.99 | 7337.88
10 SUCCESS | 2 5 20979 | 0.2 2098.1
11 SUCCESS | 3 6 2310.03 | 3794.3 6104.34
12 SUCCESS | 3 6 1340.24 | 6104.34 | 7444.58
13 SUCCESS | 2 4 1840.01 | 3507.95 | 5347.96




14 SUCCESS | 2 5 1283.63 | 2098.1 3381.73
15 SUCCESS | 2 4 1139 5347.96 | 6486.96
16 SUCCESS | 2 3 2663.89 | 7337.88 | 10001.77
17 SUCCESS | 2 4 981.83 | 6486.96 | 7468.79
18 SUCCESS | 2 3 2136.1 | 10001.77 | 12137.88
19 SUCCESS | 2 2 3386.39 | 7313.34 | 10699.74
20 SUCCESS | 2 4 1922.57 | 7468.79 | 9391.36
21 SUCCESS | 2 4 3041.01 | 9391.36 | 12432.37
22 SUCCESS | 2 3 1486.72 | 12137.88 | 13624.6
23 SUCCESS | 2 2 1132.2 | 10699.74 | 11831.93
24 SUCCESS | 2 2 3196.17 | 11831.93 | 15028.1
25 SUCCESS | 2 3 1865.75 | 13624.6 | 15490.35
26 SUCCESS | 2 2 2892.62 | 15028.1 | 17920.72
27 SUCCESS | 3 6 907.71 | 7444.58 | 8352.29
28 SUCCESS | 2 2 425446 | 17920.72 | 22175.18
29 SUCCESS | 2 3 2491.56 | 15490.35 | 17981.91
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The above plot illustrates the start time and end time by each Process to accomplish the task
assigned to distinct VMs in FCFS order.

Starting FCFS Scheduler...
Reading the Matrices...
Initialising...

Starting CloudSim version 3.0

Datacenter_@ is starting...

Datacenter_1 is starting...

Datacenter_2 is starting...

Datacenter_3 is starting...

Datacenter_4 is starting...

Broker_@ is starting...

Entities started.

©.9: Broker_@: Cloud Resource List received with 5 resource(s)

: Broker_@: Trying to Create VM #2 in Datacenter_@

: Broker_8: Trying to Create VM #3 in Datacenter @

: Broker_8: Trying to Create VM #4 in Datacenter @

: Broker_8: Trying to Create VM #5 in Datacenter 8

: Broker_0: Trying to Create VM #6 in Datacenter @

cheduler" vmCreate] Allocation of VM #6 to Host #@ failed by RAM
: Broker_@: VM #2 has been created in Datacenter #2, Host #0

: Broker_@: VM #3 has been created in Datacenter #2, Host #0

: Broker_@: VM #4 has been created in Datacenter #2, Host #@

: Broker_@: VM #5 has been created in Datacenter #2, Host #0

: Broker_@: Creation of VM #6 failed in Datacenter #2

: Broker_@: Trying to Create VM #6 in Datacenter_1

: Broker_@: VM #6 has been created in Datacenter #3, Host #@

: Broker_@: Sending cloudlet @ to VM #2

: Broker_0: Sending cloudlet 1 to VM #4
: Broker_8: Sending cloudlet 2 to VM #4
: Broker_0: Sending cloudlet 3 to WM #3
: Broker_8: Sending cloudlet 4 to VM #4
: Broker_0: Sending cloudlet 5 to VM #6
: Broker_8: Sending cloudlet 6 to WM #4
: Broker_0: Sending cloudlet 7 to WM #3
: Broker_0: Sending cloudlet 8 to VM #2
: Broker_0: Sending cloudlet 9 to VM #3
: Broker_0: Sending cloudlet 10 to VM #2
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.436: Broker_8: Cloudlet 4 received

.567999999999: Broker @: Cloudlet 24 received

.616: Broker_@: Cloudlet 1@ received
_424: Broker_@: Cloudlet 21 received
.424: Broker_@: Cloudlet 6 received

9984.856: Broker_®: Cloudlet 22 received

10826 .460000000001: Broker_@: Cloudlet 26
11207.082: Broker_®: Cloudlet 11 received

11655.528: Broker_0: Cloudlet 15 received
12453.708: Broker_0: Cloudlet 28 received
12961.668: Broker_0: Cloudlet 29 received
13289.351999999999: Broker @: Cloudlet 17

1412
1593

3.903999999999: Broker @: Cloudlet 13
3.667999999998: Broker_@: Cloudlet 25

17334.904: Broker_0: Cloudlet 16 received
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Brok:
Simu

5.316: Broker_©: Cloudlet 27 received
1.316: Broker_©: Cloudlet 20 received

received

received
received
received

1.316: Broker_@: All Cloudlets executed. Finishing...

1.316: Broker @: Destroying VM #2
1.316: Broker_@: Destroying VM #3
1.316: Broker_@: Destroying VM #4
1.316: Broker_@: Destroying VM #5
1.316: Broker_@: Destroying VM #6
er_@ is shutting down...

lation: No more future events

CloudInformationService: Notify all CloudSim entities for shutting down.

Data
Data
Data
Data
Data

center_© is shutting down...
center_1 is shutting down...
center_2 is shutting down...
center_3 is shutting down...
center_4 is shutting down...

Broker_@ is shutting down...
Simulation completed.
Simulation completed.
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FIGURE 6: PROCESS ID VS TOTAL TIME TAKEN FOR EACH PROCESS



The above plot depicts the total time taken by each process to complete the task assigned to

different VMs. The time taken to completely execute the task is plotted against the Process ID.

PSO SCHEDULER RESULTS

The PSO scheduler performance analysis was based on the Process IDs start time, end time, and

make span time.

TABLE 2: RESULTS OF 30 PROCESSES FOR PSO ALGORITHM

Data  Center

Process ID STATUS |ID VMID | Time Start Time | Finish Time
2 SUCCESS | 4 3 1228.44 | 0.1 1228.54
3 SUCCESS | 5 5 1635.36 | 0.1 1635.46
1 SUCCESS | 3 3 1917.84 | 0.1 1917.94
5 SUCCESS | 6 6 1953.32 | 0.1 1953.42
9 SUCCESS | 4 4 730.9 1228.54 1959.44
0 SUCCESS | 2 2 21183 | 0.1 2118.4
6 SUCCESS | 6 6 1554.43 | 1953.42 3507.85
11 SUCCESS | 4 4 1903.16 | 1959.44 3862.6
7 SUCCESS | 3 3 2171.8 | 1917.94 4089.74
8 SUCCESS | 2 2 2132.76 | 21184 4251.15
10 SUCCESS | 6 6 887.46 | 3507.85 4395.31
4 SUCCESS | 5 5 3360.25 | 1635.46 4995.7




16 SUCCESS | 3 3 1076.5 | 4089.74 5166.24
17 SUCCESS | 3 3 309.69 | 5166.24 5475.92
15 SUCCESS | 6 6 1139 4395.31 5534.32
12 SUCCESS | 4 4 1998.46 | 3862.6 5861.06
13 SUCCESS | 2 2 1819.08 | 4251.15 6070.23
21 SUCCESS | 3 3 1039.38 | 5475.92 6515.31
19 SUCCESS | 6 6 1097.02 | 5534.32 6631.33
22 SUCCESS | 2 2 881.52 | 6070.23 6951.74
25 SUCCESS | 6 6 959.83 | 6631.33 7591.16
14 SUCCESS | 5 5 2767.51 | 4995.7 7763.22
27 SUCCESS | 2 2 907.71 | 6951.74 7859.46
18 SUCCESS | 4 4 2136.1 | 5861.06 7997.16
26 SUCCESS | 6 6 619.57 | 7591.16 8210.73
20 SUCCESS | 5 5 684.59 | 7763.22 8447.8
24 SUCCESS | 3 3 2270.12 | 6515.31 8785.43
23 SUCCESS | 4 4 1121.43 | 7997.16 9118.59
29 SUCCESS | 5 5 1560.22 | 8447.8 10008.02
28 SUCCESS | 6 6 1902.29 | 8210.73 10113.02
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FIGURE 7 : PROCESS ID VS START TIME AND FINISH TIME
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The above plot depicts the start time and end time by each Process to complete the task assigned to

different VMs in PSO order.
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FIGURE 8 : PROCESS ID VS TOTAL TIME TAKEN FOR EACH PROCESS

The above plot depicts the total time taken by each process to complete the task assigned to

different VMs. The time taken to completely execute the task is plotted against the Process ID.



ROUND ROBIN SCHEDULER RESULTS

The ROUND ROBIN scheduler performance analysis was based on the Process IDs start time, end

time, and make span time.

TABLE 3: RESULTS OF 30 PROCESSES FOR RR ALGORITHM

Data  Center Finish
Cloudlet ID | STATUS |ID VMID | Time Start Time | Time
3 SUCCESS | 6 6 470.38 | 0.1 470.48
1 SUCCESS | 5 5 1917.84 | 0.1 1917.94
0 SUCCESS | 4 4 1960.44 | 0.1 1960.54
4 SUCCESS | 3 3 2138.51 | 0.1 2138.61
5 SUCCESS | 6 6 2776.87 | 470.48 3247.34
2 SUCCESS | 2 2 4115.78 | 0.1 4115.88
9 SUCCESS | 5 5 2348.68 | 1917.94 4266.62
7 SUCCESS | 6 6 1744.94 | 3247.34 4992.29




6 SUCCESS | 3 3 3169.31 | 213861 530792
8 SUCCESS | 4 4 336798 | 1960.54 5328.52
10 SUCCESS | 5 5 20979 | 426662 6364.52
15 SUCCESS | 2 2 276445 | 411588 6880.34
13 SUCCESS | 4 4 1840.01 | 5328.52 T168.53
12 SUCCESS | 3 3 1998.46 | 5307.92 730638
18 SUCCESS | 6 6 338843 | 499229 8380.72
22 SUCCESS | 6 6 88152 | B380.72 9262.23
11 SUCCESS | 5 5 338287 | 636452 9747 38
19 SUCCESS | 2 2 3386.39 | 688034 10266.73
24 SUCCESS | 3 3 339154 | 730638 1069792
14 SUCCESS | 4 4 391822 | 716853 11086.75
27 SUCCESS | 5 5 18413 | 974738 11588.68
21 SUCCESS | 2 2 222921 | 10266.73 | 1249594
26 SUCCESS | 3 3 196292 | 1069792 | 12660.84
16 SUCCESS | 4 4 212248 | 11086.75 | 1320923
29 SUCCESS | 2 2 1560.22 | 1249594 | 14056.16
17 SUCCESS | 4 4 981.83 | 1320923 | 14191.06
28 SUCCESS | 5 5 267632 | 11588.68 | 14265

20 SUCCESS | 4 4 192257 | 14191.06 | 16113.63
23 SUCCESS | 4 4 18233 | 1611363 | 17936.93
25 SUCCESS | 4 4 959.83 | 1793693 | 18896.76
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FIGURE 9 : PROCESS ID VS START TIME AND FINISH TIME

The above plot depicts the start time and end time by each Process to complete the task assigned to

different VMs in RR order.
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FIGURE 10 : PROCESS ID VS TOTAL TIME TAKEN FOR EACH PROCESS

The above plot depicts the total time taken by each process to complete the task assigned to

different VMs. The time taken to completely execute the task is plotted against the Process ID.



5.4 SHORTEST JOB FIRST SCHEDULER RESULTS

The Shortest Job First scheduler performance analysis was based on the task ID's start time, end

time, and make span time.

TABLE 4: RESULTS OF 30 PROCESSES FOR SJF ALGORITHM

Data Center

Cloudlet ID | STATUS ([ ID VMID [ Time Start Time | Finish Time
6 SUCCESSs | 2 2 183826 (0.1 183836
12 SUCCESS | 3 3 190846 (0.1 199856
0 SUCCESS | 5 5 27820 0.1 2783

13 SUCCESS | 2 2 1034.6 183836 287297
1 SUCCESS | 6 6 332373 (01 332383
3 SUCCESS | 4 4 425771 | 01 425781
0 SUCCESS | 5 5 234868 | 2783 5131.68
17 SUCCESS | 2 2 263388 | 287297 5506.85
2 SUCCESS | 6 6 251774 | 332383 5841.57
14 SUCCESS | 3 3 418374 | 1998.54 61843
23 SUCCESS | 5 5 170290 | 5131.68 6834.67

7 SUCCESS | 4 4 28773 425781 713511

18 SUCCESS | 2 2 231834 | 3508.85 782519
4 SUCCESS | 6 6 20081 584157 7849.67
16 SUCCESS | 3 3 266380 | 61843 884818
26 SUCCESS | 5 3 245826 | 6834.67 020203
11 SUCCESS | 4 4 206048 | 713511 10095509
22 SUCCESS | 3 3 1486.72 | 8848.18 1033401
3 SUCCESS | 6 6 277687 | 784067 10626.54
29 SUCCESS | 5 3 1801.84 | 929293 11094.77
19 SUCCESS | 2 2 338639 | 7825.19 11211.58

13 SUCCESS | 4 4 1139 10095.59 11234.59

20 SUCCESSs | 2 2 68459 11211.58 11896.17
g SUCCESS | 6 6 213276 | 10626.54 127593
10 SUCCESS | 6 6 301.56 127583 1306085
21 SUCCESS | 4 4 3041.01 | 1123450 14275.6
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FIGURE 11 : PROCESS ID VS START TIME AND FINISH TIME
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FIGURE 12 : PROCESS ID VS TOTAL TIME TAKEN FOR EACH PROCESS



5.5 PERFORMANCE ANALYSIS

Performace Metrics
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FIGURE 13 : Process ID vs Total Time Taken for each Process in all algorithm

The above graph and Results depicts the Total time Taken Variation among all the algorithm for
different algorithms. As we can see the results we can compare and tell which algorithm is
performing well when there is multi load on the VMs. To analyse it more let’s look into more

parameters
AVERAGE TIME TAKE

Comparison between the average Time Taken by all Algorithm(s). It is calculated by taking the

average of Time taken from results of each Algorithm(s) .

TABLE 5: AVERAGE TIME TAKEN BY ALGORITHM(S)

Algorithm Average Time Taken

FCFS 2144.082667
PSO 1529.468
RR 2304.683333

SJF 2367.481
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FIGURE 14 : AVERAGE TIME TAKEN VS ALGORITHM(S)

MAKE SPAN TIME
Make span is defined as the completion time of the last job to leave the system

TABLE 6: MAKE SPAN TIME OF ALGORITHM(S)

Algorithm Make Span Time

FCFS 5225.6833
PSO 2521.23502
RR 4703.163581

SJF 4220.378558
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FIGURE 15 : Make Span Time vs Algorithm(s)

MINIMUM TIME TAKEN

TABLE 7: MINIMUM TIME TAKEN BY ALGORITHM(S) FOR A PROCESS

Algorithm Min Time Taken
FCFS 470.38
PSO 309.69
RR 470.38
SJF 301.56
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FIGURE 16 : MINIMUM TIME TAKEN VS ALGORITHM(S)



MAXIMUM TIME TAKEN

TABLE 8: MAXIMUM TIME TAKEN BY ALGORITHM(S) FOR A PROCESS

Algorithm Max Time Taken
FCFS 4254.46
PSO 3360.25
RR 4115.78
SJF 4257.71

Max Time Taken

rers [

0 1000 2000 3000 4000 5000

FIGURE 17: MAXIMUM TIME TAKEN VS ALGORITHM(S)

AVERAGE START TIME OF PROCESS FOR VM

TABLE 9: AVERAGE START TIME OF A PROCESS IN AN ALGORITHM(S)

Algorithm Average Start Time

FCFS 6499.637
PSO 4137.742333
RR 6572.712667

SJF 6662.856667
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FIGURE 18 : Average Start Time vs Algorithm(s)

LAST FINISH TIME FOR A VM

TABLE 10: LAST FINISH TIME OF A PROCESS IN AN ALGORITHM(S)

Algorithm Last Finish Time of Process
FCFS 22175.18
PSO 10113.02
RR 18896.76
SJF 18160.13

Last Finish Time of Process
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FIGURE 19 : LAST FINISH TIME VS ALGORITHM(S)



CHAPTER 6: CONCLUSIONS & FUTURE SCOPE

6.1 CONCLUSIONS

The report explores the complexities involved in developing a meta-heuristic scheduling strategy
that is carefully crafted to tackle the complex issues that arise when coordinating the scheduling of
IoT application tasks in the ever-changing fog environment. The importance of having a skilled
scheduling algorithm in this complex ecosystem, where resources interact with cloud-based
resources in a way that easily meets the diverse needs of contemporary life, cannot be emphasised.
By means of a systematic assessment procedure carried out in a static setting and comprehensive
comparison with a range of alternative algorithms, the empirical data unequivocally confirms the
superiority of the Particle Swarm Optimisation (PSO) technique on a multitude of crucial metrics,
such as speed, dependability, and flexibility. As a result, the PSO algorithm becomes not just the
leader but the clear leader when it comes to scheduling IoT application tasks in fog conditions,
establishing a new benchmark for effectiveness and efficiency in this emerging industry. Therefore,
this study not only makes a substantial theoretical contribution to the field of fog computing, but it
also provides useful insights that have the potential to drastically alter the deployment and

management of Internet of Things applications in the near future.



6.2 FUTURE SCOPE

The current implementation of the algorithm utilises VMs, but it is suggested that switching
to containers would lead to better results. Containers offer more tangible benefits, such as

faster boot times, compared to VMs.

The set of rules's main downside is its reliance on static optimization techniques.

e The proposed algorithm may be more advantageous by using dynamic optimization
strategies, which might make it extra suitable for business programs and improve the nice

service (QoS) it offers.

e The suggestion is to enhance the PSO algorithm used for the scheduling optimization by
transforming it into a weighted PSO, which is an advanced version of the standard PSO

algorithm.
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