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ABSTRACT
 

A global digitization advancement and deployment of a huge number of web and mobile 

applications increase the need for cloud-based solutions and data centers. A rise in the 

number of internet users also requires more data centers. The increasing demand of data 

centers simultaneously needs a huge amount of energy for data center operation and on 

another end, it emits an enormous amount of CO2. Several approaches have been proposed 

by researchers to reduce energy consumption. The problem with existing work is it is 

compromised with important factors like Quality of Service, SLA violation, and system 

performance. 

The thesis proposes various methods: VM Relocation, Host selection and VM migration, 

Task submission and VM placement, Load-Aware VM placement, and 

Overloaded/Underloaded host selection. VM Relocation method helps to minimize VM 

relocations compared to traditional methods. Host selection and VM migration method 

decreases the number of VM migration and reduces energy consumption compared to 

threshold method. Task submission and VM placement method improve overall response 

time as well as data center processing time that helps to optimize system performance. 

Load-Aware VM placement method significantly decreases VM migration and increases 

mean time before VM migration that in turn helps to reduce energy and associated cost. 

Adapting queue-based mechanism in Load-Aware VM placement method achieves 

complete workload execution to gain QoS and to retain SLA in cloud system. 

Overloaded/Underloaded host selection method identifies overloaded and underloaded 

hosts. This method does not allow to assign additional workload. Also, does not grant 

permission to place VM if the host is either overloaded or underloaded which improves 

QoS and reduces energy consumption for hosts.  

VM Relocation, Host selection and VM migration, Task submission and VM placement, 

Load-Aware VM placement methods stated to reduce virtual machine migration, save 

energy, and increase the value of mean time for better performance. 

Overloaded/Underloaded host selection method stated to improve system performance 

and maintain SLA. 
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1. Introduction 
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1. Introduction 

1.1 Evolution of Cloud Technology  

The concept of cloud computing is to rent computing resources. This concept was first 

proposed in the 1950s. Five innovations were crucial in transforming cloud computing into 

what it is today. Distributed systems and their peripherals, virtualization, web 2.0, service 

orientation, and utility computing are all examples of this. Fig. 1.1 describes the evolution 

of cloud technology from the 1950s to the 2020s. 

 
FIGURE 1.1 Evolution of Cloud Technology 

Distributed Computing: 

It is made up of numerous distinct systems, but it appears to consumers as though they are 

all one entity. The goal of distributed systems is to share resources while still making 

effective and efficient use of them. Scalability, concurrency, continuous availability, 
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heterogeneity, and failure independence are all properties of distributed systems. The 

fundamental issue with this system was that all of the systems had to be present at the same 

time and in the same place. As a result of distributed computing's solution to this challenge, 

three new types of computing emerged: mainframe computing, cluster computing, and grid 

computing. 

Mainframe Computing: 

Mainframes, which were originally introduced in 1951, are extremely powerful and 

dependable computing devices. These are in charge of dealing with vast amounts of data, 

such as massive input-output procedures. Even today, devices are utilized for bulk 

processing jobs like online transactions and other internet transactions. With great fault 

tolerance, these systems have essentially no downtime. These boosted the system's 

processing capability after distributed computing. However, these were extremely costly. 

Cluster computing emerged as a cost-cutting alternative to mainframe technology.  

Cluster Computing: 

Cluster computing emerged in the 1980s as a viable alternative to a mainframe computer. 

Each device in the cluster was connected to the others via a high-bandwidth network. These 

were far less expensive than mainframe systems. These were also capable of doing complex 

calculations. In addition, new nodes might be readily added to the cluster if necessary. As a 

result, the cost issue was resolved to some extent, but the issue of geographical constraints 

remained. Grid computing was presented as a solution to this problem.  

Grid Computing: 

Grid computing was first presented in the 1990s. It means that several systems were installed 

in various geographical places and were all connected over the internet. The grid was made 

up of heterogeneous nodes since these systems pertained to different corporations. Although 

it solved certain issues, as the distance between the clusters grew, other ones arose. The main 

issue that was experienced was a lack of high-bandwidth connectivity, as well as other 

network-related concerns. As a result, cloud computing is frequently referred to as "grid 

computing's successor”.  

Virtualization: 

It was first presented around 40 years ago. It's the technique of establishing a virtual layer 

on top of hardware that allows the user to run several instances on the same machine at the 
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same time. It's a crucial component of cloud computing. It's the foundation for key cloud 

computing services like Amazon EC2, VMware vCloud, and others. One of the most 

prevalent types of virtualization is hardware virtualization.  

Web 2.0: 

It's the means via which cloud computing services communicate with their users. We now 

have interactive and dynamic websites thanks to Web 2.0. It also adds to the versatility of 

web pages. Google Maps, Facebook, Twitter, and other web 2.0 applications are popular 

examples. Without a doubt, social media is only conceivable because of this technology. In 

2004, it became extremely popular.  

Service Orientation: 

It serves as a cloud computing reference model. It supports applications that are low-cost, 

adaptable, and evolvable. In this computer model, two significant principles were 

introduced. Quality of Service (QoS), which includes the SLA (Service Level Agreement), 

and Software as a Service were the topics (SaaS).  

Utility Computing: 

It is a computing paradigm that specifies service provisioning strategies for pay-per-use 

services such as computation, as well as other significant services such as storage, 

infrastructure, and so on.  

 

1.2 Cloud Computing 

The official NIST definition of Cloud computing [1] is as: “Cloud computing is a model for 

enabling ubiquitous, convenient, on-demand network access to a shared pool of configurable 

computing resources (e.g., networks, servers, storage, applications, and services) that can be 

rapidly provisioned and released with minimal management effort or service provider 

interaction.” It is also defined as a way of enabling on-demand network access to a shared 

group of configurable to compute assets like storage, networks, servers, services, 

applications, etc. that can be swiftly provided and opened with the least amount of 

administrative effort or provider contact [2]. 
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Cloud computing is the use of computer assets such as processing and storage that are located 

at a remote location and provided as a service over the Internet. Academics and experts 

anticipate significant changes in the IT sector and IT marketing. The main advantages of 

cloud computing include lower costs, continuous availability, elasticity, and scalability. 

Today, cloud computing refers to a wide range of applications and services that are scattered 

across the Internet's cloud, and many of the devices that use these services and apps don't 

require any special software. The industries that supply cloud-based services include the 

following: 

Salesforce.com [3]: It provides developers with platforms to construct customized cloud 

services through its force.com and vmforce.com solutions, which operate its application 

stack for customers in the cloud. 

Microsoft [4]: Microsoft SharePoint online service, which allows content and business 

analytics tools to be moved to the cloud, and Microsoft is presently offering cloud versions 

of its office products. 

Google [5]: It has its private cloud, which it uses to provide a variety of services to its 

customers, such as maps, email, document apps, text translations, analytics, and more.  

IBM Cloud [6]: The most open and safest public cloud for businesses, a next-generation 

hybrid multi-cloud platform, powerful data, and AI capabilities, and deep corporate 

knowledge across 20 industries are all available through IBM Cloud. 

Zoho [7]: In the world of cloud computing, Zoho is a fantastic program that provides you 

with over 25 online tools such as a word processor, a presentation, and email. 

Amazon AWS [8]: Amazon Web Services, Inc. (AWS) is an Amazon company that offers 

metered pay-as-you-go cloud computing platforms and APIs to consumers, businesses, and 

governments. These web services for cloud computing include a variety of basic 

technological infrastructure and distributed computing building blocks and utilities. Amazon 

Elastic Compute Cloud (EC2) is one of these services, which allows users to have a virtual 

cluster of computers available at all times through the Internet. 
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1.2.1 Features and Benefits of Cloud Computing 

There are various essential features of cloud computing as follows: 

On-demand Self-service: 

A customer with a pressing need for computing resources like network storage, CPU time, 

software usage, etc. can obtain these resources in an automated manner without relying on 

human contacts. 

Broad Network Access: 

These computing assets are distributed over a network (e.g., the Internet) and used by various 

client apps running on a variety of platforms (e.g., laptops, mobile phones, etc.) at a 

customer's location. 

Source Pooling: 

Using a virtualization model or multitenancy, the cloud service provider's computing assets 

are pooled to serve many users, assigning varied virtual and physical assets and dynamically 

reallocating them based on client demand [9]. The impetus for establishing a pool-based 

computing paradigm is based on two key factors: economies of scale and specialization. 

Users do not see actual computing assets as a result of a pool-based approach, and they 

usually have no control or awareness of their location, structure, or origin. (For example; 

database, CPU, and so on.) 

Rapid Elasticity: 

Computing assets are instantaneous and undeterminable for consumers: there is no prior 

commitment or agreement because they can be employed to scale whenever they wish and 

released once the scaling is completed. Furthermore, source allocation for them appears to 

never end, and the cost is rapidly rising to match the maximum demand. 

Measured Service: 

In spite of computing resources being shared and pooled by many users (multitenancy), the 

cloud infrastructure's mete loop capability allows it to use an appropriate method to gauge 

the usage of these assets for each human being user. 

Cloud computing has numerous advantages for the industry [10]. It allows to set up a virtual 

office, giving the freedom to connect to a company from anywhere at any time. Access to 
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data has never been easier, thanks to the expanding number of web-enabled devices utilized 

in today's work environment (e.g. smartphones and tablets). 

There are numerous advantages to shifting your company to the cloud [11]: 

Lower IT Costs: 

Using cloud computing to manage and maintain your IT systems could save you money. 

You can save money by utilizing the services of your cloud computing service provider 

rather than purchasing pricey systems and equipment for your organization. You may be 

able to lower your operational costs because of the following factors: System upgrades, new 

hardware, and software may be covered by your contract; you won't have to pay expert staff's 

wages; your energy consumption costs may be lowered, and there will be fewer time delays. 

Scalability: 

Any company can swiftly scale up or decrease its operations and storage requirements to 

suit your demands, giving you more flexibility as your needs evolve. Instead of obtaining 

and installing costly upgrades yourself, your cloud computing service provider may take 

care of it for you. Using the cloud allows you to focus on operating your business instead of 

worrying about technology. 

Continuity of Business: 

Business continuity planning requires you to protect your data and systems. Having your 

data saved in the cloud means that it is backed up and secured in a secure and safe location, 

regardless of whether you encounter a natural disaster, power outage, or other crisis. Being 

able to immediately access your data allows you to continue doing business as usual, 

minimizing downtime and lost productivity. 

Collaboration Efficiency: 

Collaboration via the cloud allows your company to communicate and share information 

more simply than in previous ways. You could use cloud computing to offer employees, 

contractors, and third-party access to the same files if you're working on a project that spans 

multiple locations. You might also go with a cloud computing architecture that allows you 

to easily share your data with your advisors. 
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Work Flexibility: 

Employees can be more flexible in their work practices because of cloud computing. For 

example, you can access data when at home, on vacation, or on your way to work. You can 

access your virtual office quickly and easily if you require access to this information while 

off-site. 

Automatic Updates: 

Your service cost may include access to automatic updates for your IT requirements. Your 

system will be updated with the latest technology on a regular basis, depending on your 

cloud computing service provider. This could involve newer software versions, as well as 

server and computer processing power increases. 

Pay-per-use Model: 

Cloud computing provides customers with Application Programming Interfaces (APIs) to 

access cloud services and charges them based on consumption. Pay-per-use model is very 

effective and useful from the user’s perspective. 

Data Protection: 

One of the most significant advantages of cloud computing is data security. Cloud computing 

has a number of advanced security mechanisms that ensure data is stored and handled safely. 

 

1.2.2 Service Models of Cloud Computing 

Cloud computing is a model for providing network access to a shared pool of resources that 

is always available, convenient, and on-demand. With minimal effort, these computing 

resources may be deployed and released quickly. 

Cloud computing is available in three main service models as shown in Fig 1.2, each of 

which caters to a particular set of corporate needs. Software as a Service (SaaS), Platform as 

a Service (PaaS), and Infrastructure as a Service (IaaS) are the three paradigms (IaaS). 
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Following Fig. 1.2 shows service models for cloud computing. 

 

FIGURE 1.2 Service Model for Cloud Computing 

Software-as-a-Service (SaaS): 

This layer provides a variety of web-based apps as a service to customers on a pay-per-use 

basis. A Software as a Service (SaaS) provider delivers software to users on-demand, usually 

under a licensing arrangement. 

Software as a Service provides web-based solutions that are controlled by the software 

supplier rather than your firm. This frees your company from the ongoing pressures of 

software maintenance, infrastructure management, network security, data availability, and 

all the other operational concerns that come with keeping applications operating. The 

number of users, use duration, amount of data stored, and the number of transactions 

executed are all common criteria in SaaS billing. In cloud computing, this service model has 

the biggest market share. 

Consumers are most familiar with the SaaS model of cloud service. The responsibility of 

managing software and its deployment is delegated to third-party services in SaaS. Customer 

relationship management tools like Salesforce, productivity software packages like Google 

Apps [12], and storage solutions like Box [13] and Dropbox [14] are among the most well-

known SaaS apps for businesses. By eliminating the need for technical people to manage, 

install, and upgrade software, SaaS systems tend to lower the cost of software ownership. 

The majority of SaaS apps are offered on a subscription basis. 
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Platform-as-a Service (PaaS): 

Platform as a Service (PaaS) lies in the middle of Infrastructure as a Service (IaaS) and 

Software as a Service (SaaS). It provides customers with access to a cloud-based 

environment where they can build and distribute apps without having to install and work 

with IDEs (Integrated Development Environments), which may be quite costly. Users can 

also typically specify whatever features they want to be included in their subscription. 

PaaS is a lower-level service than SaaS, often offering a platform for software development 

and deployment. PaaS, like the majority of cloud services, is based on virtualization 

technology. Rather than investing in hardware with redundant resources, businesses can 

request resources as needed, scaling as demand develops. Although the customer does not 

manage or control the underlying cloud infrastructure, he or she does have control over 

operating systems, storage, and deployed applications, as well as maybe limited control over 

some networking components (e.g. host firewalls). 

PaaS layer provides a development facility for creating various business apps. This layer is 

distinct from the SaaS layer in that it provides a cloud-based virtual development 

environment that can be accessed using browsing. This layer provides the computing 

platform as well as the solution pile. It provides toolkits that can be configured for use in a 

virtual development environment. In a nutshell, it's a unified environment for developing, 

testing, and delivering applications. PaaS services include Microsoft Azure [15], Google 

App Engine [16], Amazon Map Reduce [17], and others. 

Infrastructure-as-a-Service (IaaS): 

Infrastructure as a Service (IaaS) is a standardized method of obtaining computing resources 

on-demand and through the internet. Storage facilities, networks, computing power, and 

virtual private servers are examples of such resources. These are invoiced on a "pay as you 

go" basis, which means you are billed based on criteria like how much storage you use or 

how much processing power you utilize over a set period of time. Customers do not need to 

maintain infrastructure under this service model; instead, the provider is responsible for 

ensuring the contractual quantity of resources and availability. 

These cloud servers and their associated resources are provided by IaaS providers via a 

dashboard. Clients of IaaS have direct access to their servers and storage, just like they would 

with traditional servers, but with significantly more scalability. IaaS users can outsource and 
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develop a "virtual data center" in the cloud, with many of the same technologies and resource 

capabilities as a traditional data center without having to spend in capacity planning or 

physical maintenance and management. IaaS is the most adaptable cloud computing model, 

allowing for automatic server, processing, storage, and networking deployment. Users of 

PaaS and SaaS services have less control over their infrastructure than IaaS consumers. 

IaaS is the cloud service model’s bottom layer. It provides IT organizations with storage and 

computes assets such as hardware, servers, and networking equipment, that they may employ 

to create business solutions [18]. Small-scale businesses now have access to far more IT 

personnel and technological solutions, as well as thriving infrastructure scalability. It also 

functions on a peer-to-peer basis. Amazon EC2 (Elastic Computing Cloud) [19] and S3 

(Simple Storage Service) [20] are well-known examples of IaaS. 

1.2.3 Deployment Models of Cloud Computing 

When we use cloud computing, we have access to a shared pool of computer resources 

(storage, programs, servers, and so on) on the cloud [21]. All you have to do is request 

additional resources as needed. Getting resources up and running quickly is simple thanks 

to the cloud. Assets that are no longer required can be decommissioned. With this technique, 

you only pay for what you use. Your cloud provider is in charge of all upkeep. It's a virtual 

computing environment with different deployment architectures based on how much data 

you want to store and who has access to the infrastructure. 

Based on ownership, scale, and access, as well as the cloud's nature and purpose, the cloud 

deployment model determines the unique sort of cloud environment. A cloud deployment 

paradigm determines where your servers are located and who has control over them. It 

describes how your cloud architecture will look, what you can adjust, and whether you will 

be provided with services or must design everything yourself. Cloud deployment types also 

establish the relationships between your infrastructure and your users. 

Cloud computing can be implemented in a variety of ways, depending on the demands, and 

the following deployment methods have been recognized [22]. Each deployment type has its 

own set of characteristics that cater to the distinct needs of cloud services and clients. 
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Fig. 1.3 represents different types of cloud deployment models: 

 

FIGURE 1.3 Deployment Model for Cloud Computing 

Public Cloud: 

Anyone with access to the internet can use the public cloud to access systems and services. 

Because it is exposed to everyone, the public cloud may be less secure. A public cloud is 

one in which cloud infrastructure services are made available to the general public or 

significant industry groups via the internet. In this cloud model, the infrastructure is owned 

by the company that provides the cloud services, not by the customer. It's a form of cloud 

hosting that lets clients and users access systems and services with ease. This type of cloud 

computing is a great illustration of cloud hosting, in which service providers provide services 

to a wide range of clients. Storage backup and retrieval services are provided for free, as a 

subscription, or on a per-use basis under this arrangement. Google App Engine, for example. 

A cloud service provider makes the cloud infrastructure available to the public on a 

commercial basis in this paradigm. This allows a user to set up and manage a cloud service 

for a fraction of the cost of other manipulation methods. Minimum Investment, zero setup 



1. Introduction 

12 
 

cost, Management of infrastructure is not required, zero maintenance, Dynamic scalability 

are some advantages of the public cloud model. 

Private Cloud: 

The private cloud deployment model is diametrically opposed to that of the public cloud. It's 

a one-on-one situation for a single person (customer). You don't have to share your hardware 

with anyone. The difference between a private and a public cloud is how all of the hardware 

is handled. The capacity to access systems and services within a certain border or 

organization is referred to as the "internal cloud." The cloud platform is deployed in a secure 

cloud-based environment protected by robust firewalls and managed by an organization's IT 

department. The private cloud allows you more control and customization over cloud 

resources. 

The cloud service has been established, and it is being maintained and administered for a 

specific enterprise under this paradigm. The operation might take place in-house or with the 

help of a third party in remote locations. Better Control, Data Security and Privacy, Supports 

Legacy Systems, Customization are some advantages of the private cloud model. 

Community Cloud: 

It enables a collection of businesses to access systems and services. It's a distributed system 

that's built by combining the services of many clouds to meet the demands of a community, 

industry, or enterprise. The community's infrastructure could be shared by organizations 

with similar concerns or tasks. It is usually maintained by a third party or a consortium of 

one or more community organizations. 

The cloud infrastructure is shared by a number of businesses with similar interests and 

requirements in this arrangement. Because the expenditures are divided across the 

organizations, this may help to decrease the capital expenses costs for its firm. The operation 

could be domestic or include a third-party arbitrator. Cost-effectiveness, Security, Resource 

sharing, Data sharing, and collaboration are some advantages of the community cloud model. 

Hybrid Cloud: 

Hybrid cloud computing combines the best of both worlds by linking the public and private 

worlds with a layer of proprietary software. With a hybrid solution, you may host the app in 

a secure environment while benefiting from the cost benefits of the public cloud. Depending 
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on their needs, organizations might use a combination of two or more cloud deployment 

methods to move data and applications between clouds. 

In this situation, any type of cloud is included in the cloud architecture, but clouds are 

capable of moving data and applications from one cloud to another via their interface. This 

might be a hybrid cloud that combines private and public clouds to satisfy the need to manage 

data in the organization while serving in the cloud. Flexibility and control, Security, and 

Cost are some advantages of the hybrid cloud model. 

Multi-cloud: 

As the name implies, we're talking about using numerous cloud providers at the same time 

under this paradigm. It's similar to the hybrid cloud deployment strategy, in which public 

and private cloud resources are combined. Rather than combining private and public clouds, 

multi-cloud makes use of a large number of public clouds. Despite the fact that public cloud 

providers offer a variety of methods to improve the reliability of their services, catastrophes 

can occur. It's unusual for two different clouds to have an occurrence at the same time. As a 

result, multi-cloud deployment boosts your services' high availability even further. 

Reduced latency and High availability of service are some advantages of the multi-cloud 

model. 

 

1.2.4 Cloud Computing Actors 

Cloud consumer, auditor, broker, provider, and carrier are the main actors in the cloud 

computing system, each with its own functions and interconnections [11]. Fig. 1.4 shows the 

main actors of the cloud computing model: 

Cloud Consumer: 

The cloud computing service's primary stakeholder is the cloud consumer. A cloud consumer 

is a person or organization who has a commercial relationship with a cloud provider and 

consumes its services. A cloud customer looks through a cloud provider's service catalogue, 

requests the service they want, sets up service contracts with the cloud provider, and uses 

the service. The cloud customer may be charged for the service provided and will need to 

make payment arrangements accordingly. 
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FIGURE 1.4 Cloud Computing Actors 

SLAs (Service Level Agreements) are required by cloud customers to describe the technical 

performance requirements that a cloud provider must meet. SLAs might include terms such 

as service quality, security, and performance failure remedies. In addition, a cloud provider 

may include in the SLAs a list of promises that are not explicitly offered to customers, such 

as constraints and obligations that cloud customers must accept. A cloud customer has the 

freedom to choose a cloud provider with better pricing and terms. Unless a customer expects 

substantial usage and can negotiate better contracts, a cloud provider's pricing policies and 

SLAs are usually non-negotiable.  

Cloud Auditor: 

A cloud auditor is a third party who can conduct an unbiased review of cloud service controls 

with the goal of expressing an opinion. Audits are conducted to ensure that standards are 

being followed by reviewing objective evidence. A cloud auditor can assess a cloud 

provider's services in terms of security measures, privacy implications, performance, and 

other factors. 

A cloud auditor can conduct a security audit of the information system's security controls to 

establish the extent to which the measures are implemented correctly, performing as 

intended, and generating the anticipated outcome in terms of the system's security needs. 
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The security auditing process should also involve a check for regulatory and security policy 

compliance. 

An auditor, for example, would be responsible for checking that the appropriate data 

retention procedures are in place, in accordance with the jurisdiction's requirements. The 

auditor can check that fixed content hasn't been changed and that legal and corporate data 

archiving obligations have been met. 

Cloud Broker: 

Cloud users may find it difficult to manage the integration of cloud services as cloud 

computing evolves. Rather than contacting a cloud provider directly, a cloud user might 

request cloud services using a cloud broker. A cloud broker is a company that oversees the 

use, performance, and delivery of cloud services, as well as the partnerships that exist 

between cloud providers and cloud users. 

A cloud broker can offer three types of services in general. 

Intermediation: A cloud broker improves a given service by adding value-added features and 

providing value-added services to cloud users. Access to cloud services, identity 

management, performance monitoring, and increased security are all examples of 

improvements.  

Aggregation: A cloud broker aggregates numerous services and integrates them into one or 

more new services. The broker allows secure data transit between the cloud consumer and 

numerous cloud providers by integrating data.  

Arbitrage: Service Arbitrage is similar to service aggregation with the exception that the 

services being aggregated are not fixed. Service arbitrage refers to a broker's ability to select 

services from a variety of agencies. 

Cloud Provider: 

A cloud provider is a person or an organization that is in charge of making a service available 

to the public. A Cloud Provider acquires and administers the computing infrastructure 

needed to supply the services, runs the cloud software that delivers the services, and arranges 

for the cloud services to be delivered to Cloud Consumers via network access. 

The cloud provider delivers, configures, maintains, and upgrades the functioning of software 

applications on cloud infrastructure so that services are delivered to cloud customers at the 
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required service levels. The SaaS provider takes on the majority of the management and 

control obligations for the applications and infrastructure, while cloud users have limited 

administrative access over the apps. 

The Cloud Provider for PaaS maintains the platform's computing infrastructure and runs the 

cloud software that delivers platform components including the runtime program execution 

stack, databases, and other middleware components. By offering tools such as integrated 

development environments (IDEs), development versions of cloud software, software 

development kits (SDKs), deployment and management tools, the PaaS Cloud Provider often 

helps the PaaS Cloud Consumer's development, deployment, and management process. The 

PaaS Cloud Consumer has access to the apps and maybe some hosting environment 

parameters, but not to the platform's infrastructure, such as the network, servers, operating 

systems (OS), or storage. 

The Cloud Provider purchases the physical computer resources that underpin the service, 

such as servers, networks, storage, and hosting infrastructure, for IaaS. The Cloud Provider 

runs the cloud software that allows the IaaS Cloud Consumer to access computing resources 

via a set of service interfaces and computing resource abstractions such as virtual machines 

and virtual network interfaces. 

Cloud Carrier: 

A cloud carrier serves as an intermediary between cloud consumers and cloud providers, 

providing connectivity and transfer of cloud services. Consumers have access to cloud 

carriers via a network, telecommunications, and other access devices. Cloud consumers, for 

example, can access cloud services via network access devices like computers, laptops, 

mobile phones, and mobile Internet devices (MIDs). Cloud services are typically distributed 

through network and telecommunication carriers or a transport agent, where a transport agent 

is a company that facilitates physical transportation of storage media such as high-capacity 

hard drives. It's worth noting that a cloud provider will set up SLAs with a cloud carrier to 

ensure that services are delivered in accordance with the SLAs promised to cloud customers. 

 

1.3 Green Cloud Computing 

Green cloud computing (GCC) is a vast spectrum and a hot field, as we are well aware. The 

distinction between "user of" and "producer of" cloud-based energy resources could be 
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crucial in establishing a global GCC ecosystem [23]. With an Internet or wired/wireless 

network connection, a user just submits a service request to the cloud service provider. The 

requested service's result is supplied to the user in a timely manner, while the networks 

smoothly interact with the information storage and processing, interoperating protocols, 

service composition, communications, and distributed computing. The concept and history 

of green computing are introduced in this section, followed by a discussion of the challenge 

and demand of cloud computing [24]. Green cloud computing refers to the delivery of cloud 

services while taking into account energy usage according to a set of energy consumption 

standards, and it is known as GCC [25]. 

1.3.1 Green Computing: Concept and History 

Green computing, often known as green IT, refers to computing or IT that is environmentally 

friendly. Green computing is "the study and practice of efficiently and effectively designing, 

manufacturing, using, and disposing of computers, servers, and associated subsystems – such 

as monitors, printers, storage devices, and networking and communications systems – with 

minimal or no impact on the environment” [26]. 

Because so many components, such as applications or software, people, networks, and 

hardware, are involved in modern IT systems, they are complex. End-user satisfaction, 

management reorganization, regulatory compliance, and return on investment (ROI) may all 

be factors to consider when developing a solution. 

The main goals of green computing are to reduce the use of hazardous materials, maximize 

energy efficiency during the product's lifetime, and promote the recyclability or 

biodegradability of obsolete products and factory waste. These goals can be achieved by 

making computers as energy-efficient as possible and designing algorithms and systems for 

efficiency-related computer technologies. 

The Energy Star optional labeling program was created by the US Environmental Protection 

Agency (EPA) in 1992 [27] with the objective of promoting energy-efficient advances in 

monitors, temperature control equipment, and other electronic devices. Green computing 

was probably coined soon after the Energy Star program started. At the same time, TCO 

Development, a Swedish company, developed the TCO Certification scheme. The purpose 

of this program was originally to promote minimal magnetic and electrical emissions from 

computer screens based on cathode-ray tubes (CRTs), but it was later expanded to include 



1. Introduction 

18 
 

criteria for energy consumption, ergonomics, and the use of hazardous materials in 

construction. 

GCC is designed to deliver not just high-performance processing and efficient use of 

computer resources, but also to meet a set of energy-saving standards. 

1.3.2 Green Computing Approaches 

Green computing is the environmentally responsible and eco-friendly use of computers and 

their resources [28]. Many IT manufacturers and vendors are continuously investing in 

designing energy-efficient computing devices, reducing the use of dangerous materials, and 

encouraging the recyclability of digital devices and paper. 

There are various approaches to design and implement green computing [29]. 

Green use: Minimizing the electricity consumption of computers and their peripheral 

devices and using them in an eco-friendly manner. This approach is the primary necessity of 

green computing where energy consumption from various electronics devices is reduced. 

Green disposal: Repurposing an existing computer or appropriately disposing of, or 

recycling, unwanted electronic equipment. This approach focuses on destroying or vanishing 

not using electronic gadgets or recycling any device or material we can.  

Green design: Designing energy-efficient computers, servers, printers, projectors, and other 

digital devices. It focuses on efficiently using electronic devices through intelligent software 

algorithms or through hardware changes. 

Green manufacturing: Minimizing waste during the manufacturing of computers and other 

subsystems to reduce the environmental impact of these activities. 

1.3.3 Green Cloud Framework 

Green computing technology can be used to cloud systems, and the frame is utilized to 

describe resource management efficiency. 

Fig. 1.5 depicts a complete framework for calculating the maximum green cloud per watt of 

clouds. The framework unifies the data center's core areas of VM scheduling, VM image, 

and advanced administration [29]. 
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FIGURE 1.5 Green Cloud Framework 

We can start by discussing the function of a virtual computer in the cloud. This is usually 

accomplished by improving either the power equipment or the server temperature data in the 

data center. We may leverage the ability to move, increase management efficiency, and the 

virtual machine because of the inherent flexibility and universality in half - even the boat 

data center. 

Green computing aids in the achievement of primary objectives such as energy-efficient 

peripherals, reduced resource consumption, and reduced electronic waste, all of which can 

be achieved through the effective use of computers and other technologies that improve the 

system's overall performance. Green cloud computing models are needed in today's world 

to remotely run data centers and servers, making them more energy-efficient and 

economically stable. When providing cloud services, service providers must ensure that they 

can deliver energy-efficient services at a reasonable cost. However, reducing data center 

energy use is a difficult and complex undertaking. As data grows at an exponential rate, 

green cloud computing is encountering challenges with infrastructures for calculations that 

can not only reduce energy usage but also make Cloud services more stable and cost-

effective. 

1.3.4 Energy Consumption in Cloud 

Energy consumption in Cloud Computing needs to be minimized. Several reports depict the 

fact that energy consumption can have a severe effect on Cloud Computing.  

Nowadays, IT companies, space centers, research centers, businesses, and web applications 

use a lot of electricity. So, energy efficiency has become the most significant design criteria 

for computing systems as a result of climate change and global warming. 
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According to Gartner, Inc. [30], carbon emissions of hyperscale cloud services will be a top 

three consideration in cloud purchase choices by 2025. Since the start of the pandemic, 

almost 90% of organizations have raised their investments in sustainability programs 

compared to 2017. 

According to Gartner, the top 10 largest cloud providers (by revenue) accounted for 70% of 

total IT spending on cloud infrastructure, platform, and application services. Leading cloud 

providers, which operate some of the world's largest data centers and are important to 

lowering IT-related carbon emissions, will spearhead sustainability measures. According to 

a report by the US Environmental Protection Agency, data centers consume 1.5 percent of 

total US power usage, which has more than doubled and costs $4.5 billion. This is equivalent 

to the annual electricity consumption of 120 million households [31]. 

 

FIGURE 1.6 Traffic Growth in Cloud Data Centers 

Traffic growth in cloud data centers also increases day by day. Following chart in Fig. 1.6 

represents year-wise traffic data in exabytes. We can understand from Fig. 1.6 that in 

upcoming years this traffic will also grow from this point. In previous years, this traffic 

increased with a CAGR of 84% from 2013 to 2021 [32]. 
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FIGURE 1.7 Energy Usage in Cloud Data Centers 

Energy is typically used in the data centers for various tasks in various amounts. As shown 

in Fig. 1.7, energy consumed for conducting various IT activities is about 45% while for 

providing power and cooling of IT equipment is about 55% [33]. 

 

FIGURE 1.8 Energy Usage in Cloud Data Centers 

We can also categorize consumed energy as shown in Fig. 1.8, where total energy consumed 

for processing by the processor is about 30% only while for power supply, memory, fans, 

planar, etc. is about 70% [33].  
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1.3.5 Major Causes of Energy Waste  

Servers are the primary power consumers in cloud data centers. The following are the main 

reasons for this massive consumption [34]: 

• Low utilization of Servers: 

As cloud data centers get bigger, the cloud server gets bigger as well. The majority of data 

center servers are underutilized. As per a survey [35] by the Natural Resources Defence 

Council (NRDC), average server utilization stayed constant between 12% and 18% between 

2006 and 2012, while servers consumed between 60% and 90% of peak power. Integrating 

virtual servers on a smaller number of hosts provides for substantially lower power usage 

when executing the same applications. The number of required servers and overall energy 

consumption will be considerably lowered by boosting server usage. 

• Wasting of Idle Power of Servers: 

Approximately 85-95 percent of the time, data center servers stay idle and do not process 

important work [36]. Even if it is not in operation, an idle server consumes around 70% of 

its peak power. This waste of idle power is seen as a key source of inefficiency in the energy 

sector. As a result, inactive servers in data centers could be shut off to save electricity. 

• No standard metric for Server’s energy efficiency: 

In order to ensure energy efficiency optimizations, it is necessary to utilize an energy 

efficiency metric for servers to classify them according to their energy efficiency and to 

enable scheduling algorithms to make decisions and select the optimal resources to 

maximize energy efficiency. Despite the fact that various indicators concentrating on IT 

efficiency have emerged in recent years, they do not give a straightforward standard to boost 

energy efficiency optimization. 

According to the NRDC analysis [37], many large Cloud farms are energy efficient, yet they 

account for less than 5% of worldwide data center energy use. On average, the remaining 

95% of small, medium, corporate, and multi-tenant operations are substantially less efficient. 

As a result, energy efficiency best practices should be more widely accepted and 

implemented, especially for small and medium data centers, which are notoriously 

inefficient, consuming around half of the total power consumed by all data centers. 
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1.3.6 Areas to work on Green Data Center 

There are several areas of Green Data Center where various concepts of cloud computing 

can be implemented and separated. As shown in Fig. 1.9, for a particular IT building various 

working areas for implementing green data center can be identified [38]. 

 

FIGURE 1.9 Areas to Work on Green Data Center 

The main key areas to work on the green data center are as follows [39]: 

Building: Buildings are basically for the avoidance of energy leakage by radiation protection. 

Also, it should be taken care of no windows in certain areas should be installed. 

Virtualization: It is for sharing of physical resources via virtualization and it also downsizes 

of installation space.  

Storage Integration: Integration of storage into a pool via virtualization and improvement of 

its utilization. 

Hot Spot Management: Management of hot spots via analysis of power consumption and 

usage patterns 

Power: It is for diagnosis and estimation of energy, it should use highly efficient UPS, its 

design must be scalable to UPS load, and it saves space by use of DC. 
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Cooling: Cooling should be achieved through re-location of equipment by fluid dynamics 

and inducement of cold air in the winter season. 

Management: Managing of individual control of lighting, management of peak power, and 

real-time PUE management. 

 

1.4 Virtualization Technologies 

Virtualization is one of the primary enabling technologies that paved the path for Cloud 

Computing's great success [40]. Clouds manage multiple virtualization technologies (such 

as machine, network, and storage) to give users with a concept layer that hides inherent 

hardware heterogeneity, geographic limitations, and internal organization difficulties to 

provide a consistent and faultless computing platform. It's a unique loop technique for 

abstracting and sharing the assets of physical servers employing fractional or full machine 

replication, time distribution, and hardware and software segregation into many execution 

environments, each of which runs as a complete and remote system. It enables the dynamic 

allocation and reconfiguration of physical assets in a Cloud Computing environment, 

allowing numerous apps to run in separate VMs with different display metrics. Virtualization 

enables Cloud providers to optimize the use of physical servers through VM multiplexing 

and multi-tenancy (for example, concurrent distribution of physical assets of the identical 

server by several Cloud customers). It also enables on-demand source assembling, in which 

computational resources such as CPU and memory, as well as storage resources, are made 

available to clients only when they are needed. This feature aids in the avoidance of fixed 

source distribution based on source demand features that are maxed out. In short, 

virtualization promotes scalability, ease of use, and consistency of Cloud assets and services, 

as well as enabling increased source utilization, vibrant source division, and enhanced 

energy management. 

Virtualization methods are classified into two groups from an architectural standpoint: 

Hosted Architecture and Hypervisor-based Architecture [40]. 

1.4.1 Hosted Architecture 

The virtualization layer is installed and executed as a separate application on top of an 

operating system, and it requires the most diverse set of core hardware configurations 
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possible. VMware Workspace and Player, as well as Oracle VM Virtual Box, are examples 

of such design. 

1.4.2 Hypervisor-based Architecture 

Hypervisor, the virtualization layer, is installed and runs on uncovered hardware and 

maintains complete control over the actual system. It's a piece of software that hosts and 

controls virtual machines using its Virtual Machine Monitor (VMM) systems (Fig. 1.10). To 

properly virtualize the main physical system, the VMM implements VM hardware simplicity 

and splits and distributes the CPU, memory, and I/O devices. Hypervisor multiplexes 

hardware assets between several running VMs in a time and space loop style in this process, 

similar to how a typical operating system multiplexes hardware assets between different 

processes. This type of virtualization is demonstrated by VMware ESXi and Xen Server. 

Hypervisors are far more capable than hosted virtualization systems and provide better 

results since they have direct access to the core hardware assets rather than executing 

commands from end-to-end operating systems, as is the case with hosted virtualization. 

The Intel x86 design has long been regarded as the most effective, widely adopted, and 

highly motivating of the many processor architectures. In order to govern access to the 

hardware assets, the four privilege loops: Loop zero, one, two, and three, with zero being the 

most fortunate, are used to control and execute various licensing level commands. Regular 

operating systems designed to run on bare-metal x86 machines consume all of the hardware 

resources and are thus placed in Loop zero, allowing them direct access to the core hardware, 

whereas conventional user-level apps execute in Loop zero [41]. 

 

FIGURE 1.10 Hypervisor-based Virtualization Architecture 
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Complete Virtualization: 

This virtualization technology provides complete separation of the basic hardware and 

enables the creation of inclusive virtual machines (VMs) in which guest operating systems 

can run. Full virtualization is achieved by using binary conversion and direct implementation 

techniques, allowing the VMM to execute in Loop zero. Fig. 1.11 (a) shows how the binary 

conversion technique decodes the OS kernel stage code with alternate series of commands 

in order to alternate the non-virtualizable commands and achieve the desired effect on the 

virtual hardware. The user-level programs are executed directly on the CPU to comprehend 

huge results. As a result, the VMM provides the VM with all of the real machine's functions, 

such as virtual CPU, RAM, I/O devices, BIOS, and so on.  

This method has the advantage of providing total virtualization of the physical machine as 

the guest operating system, which is completely detached from the core hardware separated 

by the virtualization cover. This allows users to run their existing operating systems and 

programs on virtual machines while remaining completely unaware of the virtualization. It 

also allows for simple and effective migration of apps and workloads from one system to the 

next. Furthermore, full virtualization allows for the complete remoteness of VMs, ensuring 

a high level of security. VMware ESX Server and Microsoft Virtual Server are used in full 

virtualization examples. 

Para Virtualization: 

Para virtualization (also known as OS Assisted Virtualization) operates by replacing non-

virtualizable instructions with hyper calls that connect directly with the hypervisor 

virtualization cover (Fig. 1.11 (b)), which is less reliable than the binary conversion 

mechanism used in full virtualization. Hyper call crossing points are also provided by the 

hypervisor for certain kernel tasks such as memory management, interrupt handling, timer 

management, and so on. In this sense, each VM in par virtualization is represented by a 

hardware simplification that is parallel but not identical to the main computer. They are 

aware of the existence of the virtualization cover since para virtualization necessitates the 

switching of guest operating systems. The main advantage of doing para virtualization is that 

it has a lower virtualization overhead than complete virtualization, which has an effect on 

the execution of instructions. However, the usefulness of this outcome is depending on the 

types of workloads that are run on the VMs. Because every guest operating system running 

on top of para virtualized machines must be updated accordingly, para virtualization suffers 
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from poor compatibility and portability issues. It causes significant repairs and maintenance 

concerns in creative environments for the same reason. Xen project is an example of para 

virtualization. This open-source project virtualizes the CPU and memory using a rewritten 

Linux kernel and the I/O subsystem using customized guest OS machine drivers. 

Hardware Assisted Virtualization: 

As a result of the success and widespread adoption of virtualization, hardware makers have 

developed new hardware features to help sustain and shorten the virtualization process. The 

1st generation virtualization supplies, Intel Virtualization Technology (VT-x) and AMD-V, 

allow the VMM to execute in a new origin form below Loop zero by introducing a new 

microprocessor implementation approach. With this new hardware-supported feature, the 

hypervisor automatically traps advantageous and critical system calls, and the guest 

operating system position is saved in Virtual Machine Control Structures or Virtual Machine 

Control Blocks, eliminating the need for binary conversion or para-virtualization (Fig. 1.11 

(c)).  

 

FIGURE 1.11 (a) Complete Virtualization, (b) Para Virtualization, and (c) Hardware Assisted Virtualization 
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The advantage of hardware-assisted virtualization is that the guest operating system can 

operate right into virtualized assets without any modification or simulation. H/W-assisted 

virtualization necessitates forced virtualization maintenance from the physical host CPU, 

which is only available on newer chips. 

VMware [42], Xen [42], and KVM (Kernel based Virtual Machine) have shown to be the 

most useful among the various virtualization systems by combining qualities that make them 

exclusively well suited for several essential applications: 

• VMware: The only business that recommends profitable virtualization technology is 

VM-ware Inc. VMware vSphere (previously VMware Infrastructure 4) is a 

virtualization platform for computer hardware that includes VMware ESX and ESX-

i hypervisors that virtualize the fundamental hardware components. vSphere also 

includes v-Center Server, which provides a centralized point for managing and 

configuring IT assets, V-Motion for live VM migration, and VMFS, which is a high-

performance cluster file system. Both full paravirtualization and virtualization are 

supported by VMware products. 

• Xen Server: It is one of the few Linux hypervisors that can do both full and partial 

virtualization. Each guest operating system (or Domain in Xen-terminology) uses a 

share of the physical server that has already been configured. Domain zero is a 

privileged domain that controls hardware fundamentally and is responsible for the 

formation, organization, relocation, and killing of other virtual machines. 

• KVM (Kernel based Virtual Machine): With the help of H/W virtualization, the 

Kernal virtual machine also provides comprehensive virtualization. It is a 

modification to the Linux kernel that turns Linux into a hypervisor when a Kernal 

virtual machine kernel module is inserted. One of the most intriguing properties of 

the Kernal virtual machine is that each guest operating system that runs on it is 

actually implemented in the host machine's user gap. To the core host kernel, this 

strategy makes each operating system appear to be a routine function. The survey's 

scope is restricted to algorithms developed for scheduling workflow in public IAAS 

clouds. As a result, only those utility-based pricing models that handle the VM 

provisioning problem are examined. The application model provides additional 

scope-limiting aspects, and all surveyed algorithms treat the process with the 

following attributes. They are, first and foremost, DAGs without cycles or 

conditional dependencies. Second, its implementation necessitates the use of an input 
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data set, the generation of intermediate temporal data, and the output data set. Third, 

it is assumed that the number of VMs necessary for task execution does not equal the 

number of tasks. Finally, the workflow's structure is believed to be constant, which 

means that tasks or dependents aren't changed, added, or removed during runtime. 

1.4.3 Application Model Taxonomy of Virtualization 

The majority of the application model features are shared by all of the algorithms in this 

survey [43]. However, they differ in their capacity to schedule either a single or several 

workflows. 

1. Workflow Multiplicity 

Algorithms can be built to schedule a single workflow instance, several workflow instances, 

or numerous processes. From the standpoint of workflow multiplicity, we may define three 

types of scheduling procedures. 

2. Single Workflow 

This class of algorithms is for optimizing a single process schedule. This is the traditional 

grid and cluster concept, which is still widely used in cloud computing. It is assumed that 

the scheduler workflow is executed in a sequential and independent manner. As a result, the 

scheduling algorithm may concentrate on cost optimization and achieving QoS requirements 

for a single user. 

3. Workflow Ensembles 

There are several workflow instances in many scientific applications. Ensembles are a 

collection of interconnected operations that are grouped together because their combined 

execution delivers the desired result. The workflows in an ensemble have a similar structure 

in general, but they differ in terms of size and input data. This category of scheduling 

methods focuses on executing each workflow on the ensemble utilizing the available assets. 

Policies must be aware that the QoS requirements are intended for several workflows rather 

than just one. For example, in an ensemble with a 1-hour deadline, all 100 workflows must 

be finished before the deadline. Algorithms are often concerned with the amount of work 

accomplished (number of executed processes) and tend to include this in the scheduling 

objectives based on this. The number of examples in an ensemble is also known as the gen 

model. 



1. Introduction 

30 
 

1.4.4 Scheduling Model Taxonomy of Virtualization 

This section describes about Scheduling Model taxonomy which can be classified into four 

types as per Fig. 1.12. 

 

FIGURE 1.12 Scheduling Model Taxonomy 

1.4.4.1 Task-VM Mapping Dynamicity 

Workflow scheduling techniques can be characterized as static or vibrant. This classification 

is well-known among researchers who investigate any type of schedule, and it allows readers 

to quickly grasp crucial high-level aspects of the algorithms under consideration. 

Furthermore, it is crucial in cloud environments since it defines how adaptable the 

algorithms are to an inherently dynamic environment. We also uncover a third hybrid class, 

in which algorithms combine both approaches to establish a trade-off between the benefits 

of each. Dynamic mapping in Task-VM. Fig. 1.13 shows various types of Task-VM mapping 

dynamicity [44]. 

 

FIGURE 1.13 Types of Task-VM Mapping Dynamicity 
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• Static Task VM Mapping 

These are algorithms that, once executed, construct the VM mapping function at the 

advanced level. This plan must not alter throughout execution, and the workflow engine 

must stick to it regardless of the source state or tasks. This scenario prevents them from 

adapting to changes in the main platform, making them more vulnerable to 

implementation delays and inaccurate task runtime estimates; even a minor 

miscalculation fails to fulfill the user's actual QoS requirements. This is especially true 

for a workflow because of the domino effect, which occurs when a task's runtime is 

delayed, causing its successor task's runtime to be delayed. Some static algorithms contain 

strategies for adapting to cloud environments' uncertainties. More advanced or classic 

runtime prediction methodologies, probabilistic QoS assurances, and source result 

variability models are examples of these. The ability to generate high-quality schedules 

utilizing global, workflow-level optimization approaches and analyze dissimilar solutions 

before picking the best match is the main feature of static schedulers. 

• Dynamic Task VM Mapping 

These techniques are used to make judgments about VM assignment at runtime. These 

options are depending on the current state of the system and the process implementation. 

In our scheduling scenario, we create dynamic algorithms that make scheduling decisions 

for a particular workflow job during runtime, after preparation. This enables them to 

respond to changes in the environment and accomplish schedule targets despite high 

failure rates, unexplainable delays, and low expectations. Although this is their principal 

advantage in cloud environments, it may have negative implications for the quality of the 

solutions they provide. From an optimization aspect, their poor problem-solving skills 

make it difficult for them to find high-quality schedules. 

• Hybrid Task VM Mapping 

Some algorithms attempt to strike a balance between the compatibility of lively 

algorithms and their output. In this area, we've discovered two primary approaches: 

runtime refinement and sub-workflow static. Before running, algorithms in runtime 

refinement have a static assignment of jobs. This assignment is not demanding because 

the workflow can vary depending on the current state of the system when it is run. Tasks, 

for example, can be assigned to fast VMs or mapped to another source to maximize 

resource use. Algorithms can choose whether to update the mapping of a single job or the 
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full cycle schedule. Decisions are made faster while modifying a single job, but their 

impact on the rest of the process implementation is uncertain. The initial static heuristic 

is applied for each scheduling cycle when re-computing the schedule for all additional 

jobs, resulting in greater time and computational overhead. 

1.4.4.2 Resource Provisioning Techniques 

Algorithms can use a static or dynamic resource provisioning strategy, just like a task to VM 

mapping. Static source provisioners are those that make all of the decisions about the VM 

pool configuration before the workflow is executed [45]. 

Dynamic provisioners, on the other hand, make all of the decisions or revise the initial ones 

in real time, choosing which VMs to keep active, which ones to lease, and which ones to 

release as the workflow executes. Different forms of static and dynamic resource 

provisioning systems are depicted in Fig. 1.14. 

 

FIGURE 1.14 Types of Resource Provisioning Strategies 

• Static VM Pool: 

Algorithms that use a static resource provisioning technique can use this strategy. The 

assets are leased once the VM pool has been determined, and they remain active 

throughout the workflow execution. The assets are returned to the provider once the 

program has finished functioning. These algorithms are focused on calculating the 

amount of source capacity required to meet the scheduling goals. The benefit is that after 

the resource provisioning choice has been made, the algorithm may concentrate only on 
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the task of VM allocation. The consequences of VM provisioning and deprovisioning 

delays are greatly amortized, making management considerably easier. However, this 

strategy ignores the cloud billing paradigm and does not make use of asset elasticity. This 

could lead to schedules that fail to meet QoS requirements owing to inaccurate 

estimations and are not cost-effective, as even billing periods when VMs are idle are 

billed. 

• Elastic VM Pool: 

This strategy works well with algorithms that use a static or dynamic resource 

provisioning approach. As the number and type of VMs used to plan tasks grows, this 

method allows algorithms to update the number and kind of VMs used to schedule jobs. 

Some algorithms make flexible selections based on cost-cutting and workload limits. For 

example, a fresh VM could be assigned to perform scheduled work before it expires, 

while idle VMs could be shut down to save money. Another option is to analyze the 

source capacity necessary for jobs on a regular basis to fulfill application limits and 

update the VM pool accordingly. Scaling decisions are made by other algorithms based 

on data like total VM use and workflow throughput. For example, if the budget allows 

and utilization exceeds the defined limit, or if the number of tasks completed per second 

falls below the set limit, new VMs may be allocated. Finally, static algorithms that 

generate a static schedule using elastic VM pools do so by computing the VM leasing 

duration. The predicted start time of the first task issued to the VM and the expected 

closing time of the last work assigned to it limit these leasing durations. 

1.4.4.3 Scheduling Objectives 

All of the algorithms studied have a similar denominator: they are all cost-aware. Aside from 

this goal, most algorithms take into account some form of outcome metrics, such as the 

overall execution time or the number of workflows executed by the system. Furthermore, 

several cutting-edge algorithms include energy consumption, dependability, and security as 

part of their goals. The scheduling objectives in this taxonomy are based on those mentioned 

in the examined literature Cost. 

The cost of leasing the equipment must be factored into algorithms created for cloud 

platforms. If they don't, the expense of renting VMs, transferring loop data, and employing 

cloud storage might be significant. Algorithms incorporate this goal by attempting to 

decrease its worth or imposing a limit on the amount of money spent on assets (i.e., budget). 
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All of the algorithms investigated balance cost with additional goals such as security, 

dependability, and energy consumption, which are all related to the end result or non-

functional criteria. The most frequent QoS criterion, for example, is minimizing total cost 

while satisfying a user-defined date limit. 

• Makespan: 

The majority of the algorithms surveyed are concerned with the time it takes to run the 

workflow, often known as the makespan. It is incorporated in the scheduling objectives, 

just like cost, by either attempting to minimize its value or imposing a time limit or 

deadline, for the workflow's execution. 

• Workload Maximization: 

The goal of most algorithms for scheduling ensembles is to maximize the amount of work 

done, or the number of workflows runs. This goal is always linked with a restriction like 

as a budget or a deadline, therefore methods in this category seek to complete as many 

workflows as possible with the resources available or within the time limits. 

• VM Utilization Maximization: 

Most algorithms achieve this goal by cutting expenses in a roundabout way. Idle time 

slots are considered a waste of money in leased VMs because they are paid for but never 

used, therefore algorithms try to avoid them in their schedules. However, due to task and 

outcome interdependence, it is relatively uncommon for these vacant time slots to emerge 

as a result of process implementation. Some algorithms reduce idle time slots and improve 

source utilization, saving customers money and providing direct benefits to providers in 

terms of fuel consumption, profit, and asset utilization. 

• Energy Consumption Minimization 

Individuals, corporations, and governments all over the world have become increasingly 

concerned about reducing carbon footprints in order to lessen environmental damage. 

Despite the fact that this risk is not unique to cloud computing, it has garnered attention 

in this industry. Some of the most well-known algorithms for calculating the amount of 

energy consumed by workflow execution have only lately been established. In order to 

identify a trade-off between fuel use, result, and cost, they consider a mixture of opposing 

scheduling goals. Virtualization, as well as a lack of understanding and control over 

physical infrastructure, limit their capacities and add to the problem's complexity. 
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• Reliability Awareness: 

Policies that allow the workflow to be implemented within the user's QoS limitations, 

even if assets or task faults occur, are included in algorithms that consider reliability as 

part of their aims. Procedures that address dependability must be included in algorithms 

that target unreliable VM instances that are likely to fail (e.g., Amazon EC2 spot 

instances). Referencing complex tasks and depending on checkpoints to reschedule failed 

activities are two popular techniques. Algorithms, on the other hand, must keep in mind 

the additional costs of looping data for task replication and check pointing. Furthermore, 

it is vital to keep in mind that most scientific procedures are legacy apps that do not have 

check pointing methods, thus relying on this may be unrealistic. 

• Security Awareness: 

Some scientific applications may necessitate the secure handling of input or output data. 

Furthermore, some tasks may contain sensitive computations that must be kept private. 

Algorithms dealing with these security concerns can take advantage of a variety of 

security services provided by IaaS providers. They may handle data securely by declaring 

it immovable, or they may manage sensitive tasks and data in such a manner that they are 

executed and stored by assets or providers with a higher security grade. Consider the 

influence of these security measures on scheduling decisions, since tasks may need to be 

shifted close to immovable data sets, and the overhead of employing additional security 

services may need to be factored into time and cost estimates. 

1.4.4.4 Optimization Strategy 

Scheduling algorithms can be characterized as optimal or sub-optimal. Finding optimal 

solutions is computationally expensive even for small-scale versions of the problem due to 

the NP-completeness of the discussed problem, making using this technique unsuitable in 

most instances [46]. Furthermore, the scheduler's assumptions about the state of the system, 

as well as the source needs and computing characteristics of jobs, limit the solution's 

optimality. As a result, the cost of determining the best solution for large-scale operations 

that will be carried out with a high degree of result unpredictability may be unjustified. This 

method may be more appealing for tiny workflows with coarse-grained tasks that are 

computationally costly and intended to run for long periods of time. 

There are several approaches for determining optimal schedules. For the generic multi-

processor scheduling problem, there are four strategies [47]: solution space enumeration and 
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search, graph theoretic, mathematical programming, and queuing theoretic. Solution space 

enumeration and mathematical models are particularly relevant to our topic; in the 

investigated methods, Mixed Integer Linear Programs (MILPs) have been used to generate 

workflow-level optimizations [48]. Although this sub-global optimization does not lead to 

an optimal solution, the same method and lively programming have been used to obtain 

optimal schedules for a portion of the workflow tasks or simpler versions of the problem 

[49][50]. 

The vast majority of algorithms are designed to produce approximation or near-optimal 

results. We discover three distinct strategies utilized by the analyzed algorithms in the sub-

optimal category. Yu et al. [46] characterize the first two as heuristic and meta-heuristic 

techniques. We add a third hybrid category to our model, which includes algorithms that 

combine different techniques as shown in Fig. 1.15. 

 

FIGURE 1.15 Types of Optimization Strategies 

• Heuristics: 

A heuristic is a set of criteria that aims to discover a solution to a specific situation in 

general [37]. These guidelines are tailored to the problem and are created in such a way 

that an approximate solution can be obtained in a reasonable amount of time. In order to 

find a schedule that matches the user's QoS criteria in the scheduling situation mentioned 

here, a heuristic technique employs knowledge of the cloud's properties as well as the 

workflow application. Heuristic-based scheduling algorithms' key advantage is their 

efficiency in terms of results; they tend to produce satisfactory solutions in a reasonable 

amount of time. They are also more predictable and easier to implement than meta-

heuristic-based approaches. 
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• Meta-heuristics: 

Meta-heuristics are general-purpose algorithms for solving optimization problems [36], 

whereas heuristics are meant to function well on a specific problem. They are higher-

level techniques that employ problem-specific heuristics to determine a problem's near-

optimal solution. Meta-heuristic techniques are often more computationally costly and 

take longer to run than heuristic-based algorithms; but, because they investigate dissimilar 

alternatives via a guided search, they tend to uncover more desired schedules. Modeling 

a theoretically unbound number of assets, defining operations to avoid exploloop invalid 

solutions (e.g., data dependency violations) to facilitate convergence, and pruning the 

search space using heuristics based on the cloud source model are all challenges when 

using meta-heuristics to solve the workflow scheduling problem in clouds. 

• Hybrid: 

Meta-heuristic approaches can be used by hybrid algorithms to optimize the scheduling 

of a workflow collection of jobs. Another technique is to use heuristics to combine the 

right solutions to simplified and/or smaller versions of the problem. As a result, 

algorithms can make better optimization decisions than heuristic-based methods while 

also saving time due to the reduced problem area. 

1.4.5 Resource Model Taxonomy of Virtualization 

The classification in this section is based on the ump halo created by the resource model 

observations and algorithms [28]. These design choices span from the high number of IaaS 

providers to the lower level of services provided by providers, such as the VA pricing model 

and data transfer costs. Fig. 1.16 depicts the properties of the resource model evaluated in 

this study. 

• VM Leased Model: 

This feature is concerned with algorithms that assume providers deliver a bounded or an 

unbounded number of virtual machines (VMs) for a specific user to lease. 

Single VM Type: VM instances leased from an IaaS provider are limited to a single kind 

in this category. Most of the time, this assumption is made to make the scheduling process 

easier, and the decision of which VM type to utilize is made without taking into account 

the workflow and task characteristics. This may have a detrimental impact on the 
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algorithm's results, and as a result, this technique does not fully use the heterogeneous 

character of cloud assets. 

Multiple VM Type: These algorithms take into account the fact that different types of 

VMs are available in IaaS clouds. They have procedures in place to choose the most 

appropriate types based on the workflow, task characteristics, and scheduling objectives. 

This allows the algorithms to work with a variety of VM setups and schedule applications 

with a variety of requirements and features. 

 

FIGURE 1.16 Resource Model Taxonomy 

• Deployment Model 

It is another way to identify algorithms is by the number of data centers and public cloud 

providers from which they lease assets. 

Single Provider: This category of algorithms considers a single public cloud supplier of 

pay-per-use loop infrastructure. In general, they don't have to think about the cost of 

transferring loop data into or out of the cloud because the cost of input and output data 

sets is fixed depending on the workflow schedule. 

Multiple Providers: Algorithms can plan work owned by several cloud providers using 

this deployment architecture. Each provider has its own set of loops, SLAs, and pricing 

mechanisms, and the scheduler must select the best fit. The cost and time of data transfer 

of data across suppliers should be factored into algorithms. This paradigm is especially 

suitable for workflows with special security requirements or huge data sets that are 

globally spread. Taking advantage of the different billing period granularities offered by 
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different providers is a potential benefit of these inter-cloud setups. Small jobs can be 

mapped to VMs with small billing periods, such as one minute, and bigger tasks can be 

assigned to VMs with coarse billing durations. Inter-clouds benefit from a diverse 

selection of services with variable pricing and features; yet, lack of standardization, 

network latency, and data transfer costs pose significant obstacles. 

Single Data Center: Algorithms frequently opt to provide VMs in a single data center, 

or in Amazon EC2 language, a single availability zone. This deployment technique is 

adequate for many application scenarios because the number of VMs necessary to 

complete the workflow is unlikely to surpass the data center's capacity. In terms of data 

transfers, it also has two major advantages. The first is lower latency and faster transfer 

times, while the second is the possibility of cost savings, as many providers do not charge 

for transfers done within a data center. 

Multiple Data Center: Another option for algorithms is to use a source pool made up of 

VMs deployed in several data centers belonging to the same provider. This option is better 

suited for applications with input data that is scattered regionally. To decrease data 

transfer delays, VMs can be deployed in different data centers based on the location of 

the data. Other workflows that benefit from this paradigm include those that deal with 

sensitive data sets that must be stored in certain locations owing to security or 

governmental laws. Finally, because most providers charge for this service, algorithms 

under this architecture must be cognizant of the cost of the transfer of data between 

disparate data centers. 

• Intermediate Data Distribution Model 

Workflows are used to process data that has been saved as a file. Because it influences 

measures like cost and time to completion, the way these data are shared has an impact 

on the output of scheduling algorithms. A peer-to-peer (P2P) paradigm is one popular 

way, while another is to use a globally shared storage system as a file repository. 

• P2P 

These techniques assume that files are transmitted directly from the parent task's VM to 

the child task's VM. As a result, tasks communicate in a synchronous way, and VMs must 

remain active until all of the child tasks have received the necessary data. As the lease 

duration for VMs is prolonged, this may result in greater expenditures. Furthermore, a 

VM failure would result in data loss, which could necessitate the re-execution of 

numerous processes in order to recover. This method's key benefit is its scalability and 

lack of bottlenecks. 
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1.5 Motivation 

Over the last few years, cloud computing has quickly established itself as a successful 

paradigm for providing IT infrastructure, resources, and services on a pay-per-use basis. 

Energy efficiency is becoming increasingly crucial for data centers and Cloud as a result of 

the widespread use of Cloud and virtualization technologies, which has resulted in the 

construction of large-scale data centers that consume excessive energy and have significant 

carbon footprints. 

The main motivation behind this work is the need to reduce energy consumption in Cloud 

data centers. IT companies, space centers, research centers, businesses, and web applications 

use a lot of electricity. Energy efficiency has become the most significant design criteria for 

computing systems as a result of climate change and global warming. 

As per Gartner Report 2016 [51], the IT industry accounts for 2% of total CO2 emissions in 

the United States. According to an EPA report, data centers utilize 1.5 percent of total U.S. 

power usage, which has more than doubled and costing $4.5 billion. This is equivalent to the 

annual electricity consumption of 120 million households. As a result, increased 

consumption will result in a power scarcity as well as an increase in the global warming 

effect in the near future. 

Cloud data centers are becoming increasingly popular for hosting industrial applications. 

Reducing data center power and cooling operational costs is very essential. The main 

problem is the massive rise in computer performance has been accompanied by an even 

greater increase in power consumption. 

On the other hand, improvement in reliability is also another crucial factor for the cloud data 

center. As a rule of thumb, the failure rate of a system doubles for every 10°C increase in 

temperature. The accuracy of the results was influenced by the computing environment. 

When run in a dusty 85°F warehouse, the 18-node Linux cluster gave an answer outside the 

residual (i.e., a silent error), but when to run in a 65°F machine-cooled room, it produced the 

correct result [52]. 
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1.6 Objectives 

It is critical to investigate the power flow in typical cloud data centers and understand how 

power is distributed in order to increase energy efficiency in the Cloud. Cooling equipment 

power consumption is significant, but it is proportional to IT power usage. 

The goal of energy efficient Cloud data center resource allocation is to detect and assign 

resources to each incoming user request in such a way that the user's requirements are met, 

the least number of resources is consumed, and cloud data center energy efficiency is 

maximized. 

The objective of this work is to design and develop models and algorithms for energy-

efficient resource allocation in cloud data centers. The major purpose of this research is to 

design, develop, and test resource allocation optimization methods for standard cloud 

computing architectures, which are commonly used to manage clouds. 

The initial objective is naturally expanded to accommodate new cloud computing trends. 

The solution proposed here is about cloud providers with a novel model and optimization 

techniques for energy efficient resource allocation. The solution should be versatile enough 

to accommodate various virtualization technologies, to enable both on-demand and 

advanced resource provisioning strategies, to deal with dynamic resource scheduling, and to 

bridge the gap between IaaS and PaaS to provide cloud consumers with a single continuum 

of services. 

1.7  Original Contribution by The Thesis 

We describe the important contributions of this thesis based on the previously defined 

objectives: 

1. A review of the current state of the art in cloud resource allocation that is energy 

efficient. 

2.  To manage cloud resources, a system architecture with a Load-Aware VM placement 

method has been developed. This system method aids in resource allocation, system 

performance, and energy consumption reduction. 

3.  On data centers, various hosts with varying capabilities are available. Each host is 

examined and the status is updated to VM Manager using the suggested mechanism. 

The next step is to designate an overloaded or underloaded host state depending on 

threshold values. Load-Aware the VM placement algorithm begins the deployment of 
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virtual machines (VMs) to execute workloads, and it also decides whether or not to 

relocate VMs if hosts are overburdened or underloaded. 

4. For the research hypothesis, a few strategies have been proposed: VM Relocation, Host 

selection, and VM migration, Task submission and VM placement, Load-Aware VM 

placement, and Overloaded / Underloaded host selection. The solutions offered to aid 

in improving system performance and lowering energy consumption. Memory, mips, 

and bandwidth are the three key parameters employed in the proposed approaches. 

1.8 Structure of The Thesis 

There are six chapters in this thesis. The second chapter is devoted to a review of the 

literature. We demonstrate how past work has been done and solutions for energy savings in 

cloud data centers have been implemented. We also prepared a tabular comparison of various 

strategies at the end of Chapter 2. 

The challenge of resource allocation for energy efficient cloud settings is discussed in 

Chapter 3. We give background information as well as cutting-edge solutions for resource 

allocation that is both energy efficient and cost-effective. Then we talk about the concerns 

and problems that come up, as well as the obstacles. 

We provided a strategy for energy efficient resource allocation in a cloud environment in 

Chapter 4. To accomplish initial resource allocation and dynamic resource reallocation while 

minimizing energy usage and VM migration costs, we present accurate and heuristic 

techniques. When compared to the heuristic approach, simulations are undertaken to 

demonstrate the efficacy of our exact algorithms and their potential to produce large energy 

savings while keeping feasible convergence times. 

The results and discussions are found in Chapter 5. Various scenarios are taken into 

consideration. We describe accurate and heuristic techniques for initial resource allocation 

and dynamic resource reallocation that meet the needs of users while also increasing energy 

efficiency. 

Finally, Chapter 6 contains the conclusion and future work. In conclusion, we concluded that 

the proposed approach with unique methods has performed well with comparatively better 

results. The parameters total load, utilization of host, and utilization of VM are calculated 

with memory, mips and bandwidth. While future work section mentioned the probability of 

priority-based execution for the assigned workload.
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2. Literature Review 

2.1  Overview 

Cloud computing is best-suited for its potential benefits, and it delivers computer resources 

such as CPU (Processing Power), memory, storage, networking, and other services as a 

service [52]. According to the NIST definition, cloud computing is an on-demand and 

convenient paradigm for computing resources with speedy provisioning and minimal 

management or service provider involvement. Amazon Web Services (AWS) [8], Google 

Cloud Platform (GCP) [53], Microsoft Azure [15], IBM Cloud [6], and Alibaba Cloud [54] 

are among the leading cloud service providers, all of which are doing well and investing 

extensively to increase their capabilities in many industries. Green Cloud Computing is a 

concept that works with cloud resources that can manage energy. It's a key solution for all 

scalability-sensitive dynamic resource demands. 

The growing number of internet users necessitates the establishment of data centers in 

various zones and geographical regions around the world. According to a report submitted 

to the US Department of Energy in 2014 [55], data centers in the US consume 1.8 percent 

of total energy. Data centers emit a large amount of CO2 [56], which is a major problem for 

the environment and could result in global warming. Because of this serious problem, 

reducing energy use should be a primary goal. The solution to this dilemma will contribute 

to environmental preservation while also supporting leading firms in reaching significant 

growth. 

Green IT (GIT) is an idea of a green infrastructure program aiming at increasing efficiency 

and productivity by using and growing resources in companies and society in a sustainable 

manner. Information Technology (IT) organizations have used GIT to accomplish successful 

operations with little carbon waste. However, the short lifespan of IT goods, as well as some 

manufacturing and disposal methods, have sparked widespread concern about negative 

consequences, such as higher energy use by businesses. Furthermore, the carbon emissions 

from IT products and systems outnumber those from the aircraft industry. Green computing 

is a solution to environmental issues [49]. 

The demand for cloud-based solutions and data centers is growing as global digitization 

progresses and a large number of mobile and web applications are deployed [57]. An 

increase in the number of internet users necessitates the construction of more data centers. 
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Increasing data center demand necessitates a massive quantity of energy for data center 

operation while also emitting a massive amount of CO2. Researchers have offered a number 

of methods for reducing energy consumption. The issue with current work is that it 

jeopardises critical aspects such as Quality of Service and system performance. Task 

submission and VM placement, Load-Aware VM placement, and Overloaded / Underloaded 

host selection are the three approaches proposed in the research hypothesis. 

The major goal of this thesis, as stated earlier, is to create and develop models and algorithms 

for energy efficient resource allocation in Cloud data centers while taking into account 

various aspects of the problem. 

Existing state-of-the-art approaches and models must be reviewed and discussed in order to 

give efficient solutions, treat the issue from many perspectives, and handle the constraints 

of the problem at various levels. 

The current state of the art and work in the areas relevant to this thesis are presented in this 

chapter. We go over the challenge of energy efficient resource allocation in Cloud data 

centers in greater detail, then give an overview of the state of the art of energy efficient Cloud 

resource allocation at various levels and dimensions. The study aims and thesis positioning 

in regard to existing research are also presented in this chapter. 

 

2.2  Review of Literature 

In [58], U. Wajid et.al. describes an eco-aware approach that combines innovative 

application scheduling and runtime adaptation techniques with the definition, monitoring, 

and utilization of energy and CO2 metrics to optimize energy consumption and CO2 footprint 

of cloud applications as well as the underlying infrastructure. The eco-aware approach 

entails measuring or quantifying energy consumption and CO2 emissions at various levels 

of cloud computing, using that data to develop scheduling and adaptation techniques that 

help reduce energy consumption and CO2 emissions and then testing and validating the 

developed solutions in a multi-site cloud environment using challenging case study 

applications. The experimental and validation results suggested that the eco-aware strategy 

has the potential to drastically reduce CO2 emissions. 
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T. Mastelic et.al. in [59], conducted a complete energy efficiency analysis of infrastructure 

supporting the cloud computing paradigm. First, they established a method for measuring 

the energy efficiency of the most essential data center domains, such as server and network 

equipment, as well as cloud management systems and appliances, which are software-based 

appliances used by end-users. Second, they used this method to examine accessible scientific 

and industry literature on cutting-edge data center operations and equipment. Finally, they 

outlined current research difficulties and prospective research directions. As shown in Fig 

2.1, the authors have presented energy flow in the system and how energy is entered in the 

system, energy consumed, energy used, and finally the task is carried out as output. 

 

FIGURE 2.1 Energy Flow in System 

In [60], M. Pantazoglou et.al. described a decentralized method for managing scalable and 

energy-efficient virtual machine (VM) instances provisioned by big enterprise clouds. The 

data center's computation resources are successfully grouped into a hypercube structure in 

our approach. As resources are added or deleted in response to changes in the number of 

provided VM instances, the hypercube scales up and down effortlessly. Each compute node 

functions independently of any central components and handles its own workload using a 

set of distributed load balancing rules and algorithms. On the one hand, underutilized nodes 

try to offload their workload to their hypercube neighbours by turning it off. 

X. Xu et.al. in [61], presented EnReal, an Energy-aware Resource Allocation approach. 

Essentially, the authors used dynamic virtual machine deployment to execute scientific 

workflows. In particular, an energy consumption model for cloud computing applications is 

provided, and a related energy-aware resource allocation algorithm for virtual machine 

scheduling to complete scientific workflow executions is proposed. The proposed strategy 

is both successful and efficient, according to the results of the experiments. 
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In [62], V. Cima et. al. presented variants of live migration as described in Fig. 2.2. There 

are three types of live migration. E.g. Pre-copy, Post-copy, and Hybrid live migration. 

 

FIGURE 2.2 Pre-copy, Post-copy and Hybrid Live Migration Mechanism 

It gives a highlight of how the energy efficiency concept can be added to OpenStack. The 

main goal is to create OpenStack resource management that is energy efficient. There are 

two steps to it. In the first step, it is examined how cloud resources are being used in terms 

of resources and energy. In the second step, there is an approach for static migration based 

on manual resource consumption monitoring. 

N. Akhter et. al. in [63], described different reviews and open challenges for energy aware 

resource allocation strategies of cloud data centers. The authors have presented an exhaustive 

collective summary for energy aware resource allocation methods and virtual machine 

identification strategies. Fig. 2.3 represents energy consumption analysis model for the cloud 
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environment. The data collection engine retrieves users' requests from cloud data centers and 

sends them to the analysis engine. It also gets cloud resource details and is attached with a 

policy for the energy consumption model. Simultaneously analysis engine is fed with task 

description and system configuration details. As an output analysis engine generates analysis 

results. 

 

FIGURE 2.3 Energy Consumption Analysis Model 

T. Kaur et.al. in [64], presented the importance of energy efficiency by analyzing cloud 

computing's dual position as a major contributor to increased energy consumption as well as 

a technique to reduce energy waste. The authors examined existing energy efficiency 

approaches in cloud computing in-depth and compares them, as well as provided taxonomies 

for categorizing and evaluating existing research. The paper finishes with a summary that 

includes helpful recommendations for future improvements. 

In [65], Anton Beloglazov et al. have suggested an efficient resource management policy for 

virtualized cloud data centers. The goal is to continuously condense VMs via live migration 

and turn off idle nodes to save power while maintaining the appropriate Quality of Service. 

The authors also offered evaluation results that show that dynamic VM reallocation saves a 

significant amount of energy, justifying the suggested policy's ongoing development. Due 

to the trust elements of cloud computing, various areas are explored and proposed to work 

on energy-efficient methodologies in the cloud environment. The taxonomy of energy 

efficient architecture of computer systems such as hardware, operating systems, 

virtualization, and data centers have been proposed in this paper.  

David Aikema et al. [66] proposed a VM migration strategy with two approaches: in the 

first, authors calculated migration time and associated energy consumption, whereas in the 
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second, they directly migrated all workload to accessible other VMs based on threshold 

values. The authors established a correlation with many scenarios, concluding that 

determining migration time and needed energy utilization computation is really beneficial. 

The authors presented the findings of an experimental investigation of the power and energy 

consumption of various workloads throughout the migration process. The authors concluded 

about the sorts of workloads that are suitable for migration and how each can be converted 

successfully. 

Minu Bala and Devanand in [67] focused on CO2 emissions and VM migration based on 

CPU utilization parameters in one of the strategies for VM migration. They modified the 

upper and lower thresholds of the CPU limit, based on which VMs are migrated to different 

data centers on different hosts. In order to reduce power consumption, various green 

computing solutions have been investigated, both at the hardware and software levels. The 

experimental study shows a simulation environment that captures the energy consumption 

of computing and communicating devices in the cloud. It also demonstrates how a variety 

of green computing solutions outperform standard computing approaches based on various 

data center designs. 

In a cloud computing context, K. Zhang et al. [68] considered virtual machine (VM) energy 

saving solutions on an overloaded host. They researched the energy affecting factors and 

developed energy efficient VM selection strategies based on greedy algorithms and the 

dynamic programming process during a VM migration. A range of green computing 

solutions have been researched at both the hardware and software levels in order to reduce 

power usage. The lab experiment exhibits a simulated environment that depicts the energy 

usage of cloud computing and connectivity devices. It also shows how a variety of green 

computing solutions outperform standard computing approaches based on various data 

center layouts.  

Junaid Shuja et al. [69] conducted research on green computing techniques in the context of 

current IT tools in our community. This article discusses practical green computing solutions 

as well as the trade-off between green and high-performance projects. They also looked at 

the challenges that increasing IT technologies face in terms of green operational efficiency. 

In the midst of the rising IT technologies that are obvious in contemporary society, this 

article provides a review of green computing strategies. Green computing best practices and 

the trade-off between green and high-performance rules are discussed. The upcoming 



2. Literature Review 

50 
 

problems that emerging IT technologies will face in terms of running efficiently green 

operations are also gone through. 

Ali Hammadi et al. [70] divided existing Data Center Network (DCN) architectures into 

switch-centered and server-centered topologies, as well as various energy-saving strategies.  

To optimize energy consumption for OpenNebula-based Cloud, Yacine Kessaci et al. [71] 

suggested an EMLS-ONC method. The authors created the EMLS-ONC (Energy-aware 

Multi-start Local Search algorithm for an OpenNebula-based Cloud), which minimizes the 

energy consumption of a geographically scattered OpenNebula-managed cloud computing 

infrastructure. Our EMLS-ONC scheduler's output is compared to OpenNebula's default 

scheduler's output. The two approaches were tested using a variety of (VM) arrival scenarios 

and hardware architectures. The results show that EMLS-ONC significantly beats the 

previous OpenNebula scheduler in terms of energy consumption. EMLS-ONC has also been 

shown to help schedule more applications. 

A User-Priority Guided Min-Min Scheduling algorithm has been developed by Huankai 

Chen et al. [72]. Two distinct strategies have been offered by the writers. Priority Aware 

Load Balance Improved Min-Min (LBIMM) and Load Balance Improved Min-Min 

(LBIMM) (PA-LBIMM). When compared to the Min-Min algorithm, the results of LBIMM 

and PA-LBIMM are far superior in terms of job completion time, resource load balancing, 

and overall system performance. This new method improves system performance by more 

than 20% in terms of resource consumption and user services. In cloud computing,  

Veerawali Behal et al. [73] suggested a Load Balancing method for Heterogeneous 

Environments. The authors present a throttled strategy for dealing with optimal reaction 

time. Using broker policy, this strategy improves performance in a distributed cloud system.  

Yunliang Chen et al. [74] suggested a two-tier VM placement architecture based on a 

feasibility-driven stochastic VM placement (FDSP) method to reduce VM placement energy 

usage. When compared to conventional algorithms, the suggested algorithm consumes 15.3 

percent less energy and costs 15.7 percent less than other VM placement rules.  

To determine the best cost for VM placement in cloud-based data centers, Sourav Kanti 

Addya and Anurag Satpathy [75] suggested a Game theoretic technique. To get the precise 

value for capital expenditure, the authors analyzed n-users in a cooperative gaming context. 

Integer linear programming is offered as an energy-efficient placement policy, with 
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Microsoft Azure and Amazon EC2 as cloud service providers. Finally, the authors' proposed 

game theme method is more effective than first fit decreasing (FFD) and improved first fit 

decreasing (EFFD) in terms of utilizing less energy (EFFD). 

C. Yang et.al. in [76], proposed a green power management scheme based on the virtual 

machine cluster's gross occupied resource weight ratio, estimate how many physical 

machines should be run or shut off. The ratio of the total of virtual machine resource weights 

to the sum of available resource weights of all running physical machines is known as the 

gross occupied resource weight ratio. When the gross occupied resource weight ratio exceeds 

the maximum tolerated occupied resource weight ratio, a standby physical machine in the 

non-running physical machines is picked and woken up to join as one of the operating 

physical machines to assure the quality of service. When the gross occupied resource weight 

ratio falls below the minimum critical occupied resource weight ratio, which is used to 

trigger energy-saving algorithms, one of the running physical machines is designated as a 

migration physical machine, and the virtual machines on it are removed after live migration.  

Khosravi A., et.al. in [77], proposed a unique VM placement method that takes into account 

remote data centers with varying carbon footprint rates and PUEs to improve environmental 

sustainability. In comparison to existing competitive algorithms, simulation results show that 

the suggested algorithm reduces CO2 emissions and power usage while maintaining the same 

level of service quality. 

Kansal, A., Zhao, F., et.al. in [78], proposed a metering feature for VM power capping, an 

approach for lowering data center power provisioning costs. Experiments are run on server 

traces from tens of thousands of production servers that host real-world Microsoft programs 

like Windows Live Messenger. The findings reveal that not only does VM power metering 

allow virtualized data centers to save the same amount of money that non-virtualized data 

centers did with physical server power capping, but it also allows virtualization to save even 

more money on provisioning expenses. 

Aryania, A. et.al. in [79], solved the problem of virtual machine consolidation tries to reduce 

the energy consumption of cloud data centers using Ant Colony Optimization. ACO 

significantly reduces the number of migrations and active physical machines, lowering total 

data center energy consumption. ACO outperforms the state-of-the-art VM Consolidation 

algorithm in terms of migrations, sleeping PMs, SLA violations, and energy usage in a small 

number of cases. 
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In [80] [81], authors have proposed Particle Swarm Optimization (PSO) based technique 

used to resolve the workflow system task scheduling optimization problem in cloud 

computing. The scheduling scheme's execution cost and time are higher than other 

techniques, and the convergence accuracy is enhanced. It can keep you from falling into the 

local optimality too soon. 

V. Cima, B. Grazioli et.al. in [62], presented how energy efficiency aspects can be added to 

Openstack. They begin by analyzing resource and energy use on cloud resources in order to 

create an energy efficient resource manager for Openstack. They discovered that server 

utilization patterns had a significant fixed cost and that turning down servers is required to 

save energy. Authors devised an energy efficient resource manager for OpenStack by 

analyzing resource and energy utilization on cloud resources and static migration approach 

based on the manual monitoring of resource utilization. Authors also categorized variants of 

live migration as pre-copy, post-copy, and hybrid live migration. 

Chen, Feifei et.al. in [82], designed an energy consumption model for cloud computing 

systems. Authors conducted comprehensive tests to profile the energy consumption in cloud 

computing systems based on three categories of workloads: computation-intensive, data-

intensive, and communication-intensive tasks, in order to operationalize this model. With a 

variety of system configurations and workloads, authors gathered fine-grained energy usage 

and performance data. The correlation coefficients of energy consumption, system 

configuration, and workload, as well as system performance in cloud systems, are shown in 

experiments. These findings can be utilized to create energy consumption monitors as well 

as static and dynamic system-level energy consumption optimization algorithms for green 

cloud computing systems. The energy consumption model is described as follow: 

• Fixed Energy Consumption (ECFix): Energy consumption during idle time and 

energy consumption of the cooling system. 

• Dynamic Energy Consumption (ECVar): Energy consumption by running tasks in the 

cloud system. 

ECTotal = ECFix + ECVar 
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2.3  Comparative Analysis 

In following Table 2.1, various existing research papers are compared on the basis of used 

parameters and their advantages for various cloud data center solutions. 

TABLE 2.1 Comparative Analysis of Literature Review 

Sr. No Title of the paper Parameters used Advantages 

1 On Achieving Energy 

Efficiency and 

Reducing CO2 

Footprint in Cloud 

Computing [58] 

CPU  

Storage 

CO2 

measurement 

Calculate power usage after 

shutting off idle hosts. 

2 Cloud Computing: 

Survey on Energy 

Efficiency [59] 

Network 

Server 

CMS  

Appliance 

By considering various 

domain studies like Network, 

Server, CMS, and Appliance, 

easy to identify energy 

consumption for each. 

Detect energy consumption 

and energy loss for each 

domain 

3 Decentralized and 

Energy Efficient 

Workload 

Management in 

Enterprise Clouds [60] 

CPU 

Network 

Based on current power 

consumption, there are five 

VM states. E.g. Switched off, 

Idle, Underutilized, Ok, 

Overutilized, which makes 

power utilization regularized. 

 

Algorithms for workload 

management.  

1. Initial VM Placement 

2. Partial VM Migration 

3. Full VM Migration 
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4 EnReal: An Energy-

Aware Resource 

Allocation Method for 

Scientific Workflow 

Executions in Cloud 

Environment [61] 

CPU 

Memory 

Storage 

Calculate energy consumption 

based on  

• application executions  

• dynamic operations 

Allocation of resources to run 

a present application, 

Dynamic operations 

planning, With proper 

resource allocation, power 

consumption can be reduced. 

5 Energy Efficiency 

Techniques in Cloud 

Computing: A Survey 

and Taxonomy [64] 

ICT Hardware 

CPU 

Distributed / 

parallel execution 

parameters 

Energy consumption by 

various industries 

Power aware technique using 

Virtualization approach 

QoS and SLA benefits 

Migration approach 

6 Joint Resource 

Provisioning for 

Internet Data centers 

with Diverse and 

Dynamic Traffic [83] 

Queue based 

scheme 

Queue based scheme used to 

provide the best QoS and less 

rejection rate 

Power consumption and Cost 

model implemented 

Cost Optimal Benchmark 

setup 

7 Experimental Analysis 

of Task- based Energy 

Consumption in Cloud 

Computing Systems 

[82] 

CPU Create VM CPU footprint for 

workload and resource 

allocation 

Calculate Energy 

consumption for predefined 

tasks 

Calculate Energy 

consumption for dynamically 

running tasks 
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Proper resource allocation 

based on CPU usage footprint 

8 Energy aware resource 

allocation of cloud data 

center: review and 

open issues [63] 

CPU 

Memory 

Network 

Calculate VM and Physical 

Host Energy Consumption A 

log of VM and Physical Host 

energy consumption was 

established, and resource 

allocation was controlled 

based on it. 

9 Energy Efficient 

Allocation of Virtual 

Machines in Cloud 

Data Centers [65] 

CPU 

Memory 

Storage 

VMs that use live migration 

and turn down inactive nodes 

to save power while 

maintaining the requisite 

Quality of Service 

10 Green Cloud VM 

Migration: Power Use 

Analysis [66] 

CPU 

Storage 

Network 

The many types of workloads 

that can be transferred and 

how they can be migrated 

most efficiently 

11 Performance 

evaluation of cloud 

data centers using 

various green 

computing tactics [67] 

ICT Hardware/ 

Software, 

Network 

The effectiveness of various 

green computing strategies in 

comparison to traditional 

computing approaches 

employing various data 

center layouts. 

12 Virtual Machine 

Migration in an Over-

Committed Cloud [68] 

ICT Hardware/ 

Software 

Network 

Placement and migration of 

virtual machines, with host 

use balanced across all time 

epochs 

13 Greening Emerging IT 

Technologies: 

Techniques and 

Practices [69] 

CPU 

Network 

Review of green computing 

techniques in the context of 

current society's rising IT 

technologies 
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14 An Energy-aware 

Multi-start Local 

Search Heuristic for 

Scheduling VMs on 

the OpenNebula Cloud 

Distribution [71] 

ICT Software 

CPU 

 

In terms of energy usage, 

EMLS-ONC outperforms the 

old OpenNebula scheduler by 

a large margin. 

15 User-Priority Guided 

Min-Min Scheduling 

Algorithm For Load 

Balancing in Cloud 

Computing [72] 

ICT Software 

CPU 

 

PA-LBIMM was created so 

that users' demands may be 

met on a need-to-know basis. 

 

2.4 Summary 

In this chapter, the literature has been reviewed and concluded that various previously 

proposed methods have their own advantages and disadvantages. There is a lot of scope for 

proposing energy efficient solutions for cloud data centers. There are lots of parameters and 

situations which may affect the energy efficient solutions for the cloud. So, proposing a 

solution that covers almost all criteria is a challenging problem. 
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3. Problem Statement and Methodology 

3.1 Statement of the Problem 

The majority of the study has focused on reducing energy usage in Green Cloud Computing 

by scheduling, job placement, or employing particle swarm optimization (PSO) techniques. 

To execute the allocated workload, several parameters such as CPU, memory, bandwidth, 

storage, GPU, and others require energy. The majority of research, on the other hand, has 

employed one or a combination of the parameters, and the remaining parameters may be 

neglected when calculating the system's actual capacity. 

The distribution of virtual machines can be divided into two challenges in order to reduce 

energy consumption and improve system performance: 

 1. Installation of a new virtual machine (VM) on the host 

 2. Allocation of present virtual machines (VMs) optimization 

In addition to the above, finding a host that has no tasks waiting to be executed and turning 

it off or into power-saving mode to reduce total energy consumption is also a challenging 

problem. 

To determine whether the host is overcrowded or underloaded in the event that VMs are 

running on an overloaded or underloaded host, select them and specify a migration method 

is also considered research problem for this thesis. 

 

3.2 Need for Energy Efficient Cloud Computing 

Industrial applications are increasingly being hosted in cloud data centers. It's critical to 

lower data center electricity and cooling operating expenses. The fundamental issue is that 

the tremendous improvement in computer capability has coincided with an even bigger 

increase in power consumption [84]. 

The necessity to reduce energy consumption in Cloud data centers is the driving force behind 

this research. Electricity is used extensively by IT companies, space centers, research 

centers, corporations, and web applications. As a result of climate change and global 

warming, energy efficiency has become the most important design criteria for computing 

systems. 
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The massive rise in computer performance has been accompanied by an even bigger increase 

in power consumption. Powering and cooling data centers at a lower cost is the main 

objective of cloud computing. 

Improving reliability in cloud computing is also one of the challenges. As a rule of thumb, 

the failure rate of a system doubles for every 10°C increase in temperature. The accuracy of 

the results was influenced by the computing environment [85]. 

3.3 Load Balancing in Cloud Computing 

Load balancing is a mechanism for assigning or reassigning jobs on various areas of the 

system to better utilize resources and reduce system response time and processing time [86]. 

To achieve optimal performance, more effective load balancing solutions must be developed 

as the number of tasks required increases. 

The goal is to improve performance by balancing load among available resources or 

underlying hardware to achieve optimal resource usage, high throughput, and minimize 

overloading. We can reduce reaction time and increase throughput by using an innovative 

load balancing strategy that makes use of network and other resources. 

Load balancing is an important part of cloud architecture that distributes and allocates load 

to available resources to enhance performance. A few unique load balancing techniques for 

cloud computing are well-known for their overall system performance gains [87]. 

3.3.1 Round Robin Algorithm 

In a Round Robin technique, the Round Robin algorithm divides all existing processes 

among all processors and assigns each one to a processor. The task is distributed evenly 

across the available processors using this approach. The Round Robin scheduling technique 

successfully employs the time slice paradigm. In this method, total time is divided into many 

partitions, and each participating node is assigned a specified time interval. Each node will 

be required to complete its task or activity within the time frame given. If the task is finished 

within the specified time limit, the user will not have to wait; otherwise, the user will have 

to wait for the next round. 

3.3.2 Equally Spread Current Execution (ESCE) Algorithm 

The load balancer closely monitors the load on all VMs and divides it evenly across them 

using the equally spread current execution (ESCE) or active monitoring technique. The 
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system load balancer keeps track of the VMs' index table and the quantity of provisions 

assigned to each one. When a new job comes, the data center controller requests a new VM 

from the load balancer. The load balancer locates the index table for the VM with the least 

amount of load. When the load balancer finds the VM with the lowest load, it informs the 

data center controller with the VM id. 

3.3.3 Throttled Algorithm 

Each VM in the Throttled algorithm handles just one job at a time; a new job can be 

processed only after the current one has been successfully completed. The load balancer 

entity maintains an index table of all the virtual machines (VMs) and their current states 

(available or busy). The load balancer scans the index table for the available VM as soon as 

the data center managers request a VM allocation. The VMID is returned to the data center 

controller if the load balancer detects an available VM at that moment. The load balancer 

will just return null if this is not the case. The request is queued until a VM becomes available 

if the data center controller receives null from the load balancer. 

3.3.4 Least Frequently Used (LFU) Algorithm 

When a task is submitted to a specific data center for execution using the least frequently 

used (LFU) algorithm, the execution option is made based on the VM to which the tasks 

have been assigned the fewest number of times. As a result of this approach, VMs are kept 

active for the bulk of the time to process tasks. 

Any present strategy to increase server load in a cloud environment causes some Quality of 

Service (QoS) difficulties and degrades overall performance. To maximize resource 

utilization, our suggested system model relies on server response time and data center 

processing time. The proposed system model uses user requests from internet traffic as an 

initial input to the meta task. Cloudlets are the result of these user requests. After that, the 

cloudlets are sorted based on their length. All VMs are initially available and have no 

requests. Cloudlets are assigned to VMs on a first-come, first-served basis in this situation. 

Calculate the current load and processing capabilities of VMs if they have requests to execute 

or are busy. Calculate the remaining load of the VM and arrange the VMs based on the 

remaining load if it is underloaded. Based on Firstfit, assign cloudlets to VMs. Update the 

VM allocation table and remove the cloudlet from the metatask. 
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3.4 Research Methodology 

Following are the proposed steps to minimize power consumption: 

• Select Overloaded Physical Machine (Host) 

• Migration using VM Selection 

• VM Placement using Physical Machine (Host) Selection 

System architecture with a Load-Aware VM placement mechanism has been proposed to 

manage cloud resources. This system mechanism helps to optimize resource allocation, 

improves system performance, and reduces energy consumption. 

Fig. 3.1 illustrates the proposed system architecture with Load-Aware VM placement. There 

are multiple hosts available on data centers with different capacities. With the proposed 

mechanism, each host is being checked and updating the status to VM Manager. 

 

FIGURE 3.1 Proposed System Architecture with Load-Aware VM Placement Mechanism 
 

On the next step overloaded or underloaded host status is being assigned based on threshold 

values. Load-Aware VM placement algorithm starts deployment of VMs to execute 

workload, and it also decides to migrate VMs in case of overloaded or underloaded hosts.  

Three methods, Task submission and VM placement, Load-Aware VM placement, and 

Overloaded / Underloaded host selection have been proposed for the research hypothesis. 

The proposed methods help to optimize system performance and to reduce energy 

consumption. Three main parameters memory, mips, and bandwidth have been used for the 

proposed methods. 
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The ultimate aim of considering these parameters is to minimize energy consumption in an 

efficient way. Memory, mips, and bandwidth utilization need to be calculated to get the Total 

Utilization Ratio (TUR) value which will be required to compute total power consumption. 

A step towards TUR is to calculate these parameters individually as discussed follows. 

Memory or ram is required to execute any process or task. It is one of the key factors that 

consume power of the resources or systems which are in use. Memory utilization is the ratio 

of memory used by all the virtual machines which are running over a particular physical 

machine. The mathematical representation of memory utilization is as per Equation (3.1). 

𝑟𝑎𝑚𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 = 	
∑ 𝑟𝑎𝑚!"
#
"$%

𝑟𝑎𝑚&'
 

(3.1) 

CPU or mips helps to process instructions or data. As the name suggests mips executes 

millions of instructions in parallel that requires a significant amount of power. CPU 

utilization is the ratio of mips used by all the virtual machines which are running over a 

particular physical machine. The mathematical representation of mips utilization is as per 

Equation (3.2). 

𝑚𝑖𝑝𝑠𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 = 	
∑ 𝑚𝑖𝑝𝑠!"#
"$%

𝑚𝑖𝑝𝑠&'
 

(3.2) 

Network or bandwidth is an important parameter as it is a communication channel of the 

cloud resources for data or instructions exchange. Considering a significant CPU and 

memory capacity compared to bandwidth may lead to performance degradation. Not offering 

proper bandwidth may also increase execution time for the resources being used, hence 

increasing power consumption. Bandwidth utilization is the ratio of bandwidth used by all 

the virtual machines which are running over a particular physical machine. Mathematical 

representation of bandwidth utilization is as mentioned in Equation (3.3). 

𝑏𝑤𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 = 	
∑ 𝑏𝑤!"#
"$%  
𝑏𝑤&'

 
(3.3) 

Total Utilization Ratio (TUR) is calculated as an average utilization of ram, mips, and 

bandwidth according to Equation (3.1), (3.2), and (3.3). 
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The total utilization ratio can be calculated as follows: 

𝑇𝑜𝑡𝑎𝑙	𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛	𝑅𝑎𝑡𝑖𝑜𝑛 = 	
𝑟𝑎𝑚𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 + 𝑚𝑖𝑝𝑠𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 + 𝑏𝑤𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 

3  

𝑇𝑈𝑅 = 	
𝑟𝑎𝑚𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 + 𝑚𝑖𝑝𝑠𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 + 𝑏𝑤𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 

3 	 (3.4) 

              Where, 

ramUtilization = Utilization of ram (Memory) 

    mipsUtilization = Utilization of mips (CPU) 

    bwUtilization = Utilization of bandwidth (Network) 
 

Because the CPU is the primary consumer of dynamic power and its power is mostly 

influenced by its power state, a utilization-based power model was deemed a proxy for 

predicting the host total power (active or sleeping). This assumption will fail for workloads 

that aren't CPU heavy. The utilization-based power model is defined as follows: 

𝑃( = 𝑃'"# + (𝑃')* − 𝑃'"#) + 𝑇𝑜𝑡𝑎𝑙	𝑅𝑒𝑠𝑜𝑢𝑟𝑐𝑒	𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛	 (3.5) 

 where,  

    Pmin is minimum power consumed at idle state 

  Pmax is the maximum power consumed at peak load 

  Utilization is between 0 and 1. 

𝑃( = 𝑃'"# + (𝑃')* − 𝑃'"#) + 𝑇𝑈𝑅 

𝑃( = 𝑃'"# + (𝑃')* − 𝑃'"#) + >
𝑇𝑈+ + 	𝑇𝑈, + 	𝑇𝑈-

3 	? 

 

𝑃( = 𝑃'"# + (𝑃')* − 𝑃'"#) +
𝑟𝑎𝑚𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 + 𝑚𝑖𝑝𝑠𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 + 𝑏𝑤𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛

3  
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𝑃( = 𝑃'"# + (𝑃')* − 𝑃'"#) +

⎣
⎢
⎢
⎡
∑ 𝑟𝑎𝑚!"
#
"$%
𝑟𝑎𝑚&'

+ ∑ 𝑚𝑖𝑝𝑠!"#
"$%
𝑚𝑖𝑝𝑠&'

+∑ 𝑏𝑤!"#
"$%  
𝑏𝑤&'

3
⎦
⎥
⎥
⎤
 (3.6) 

As mentioned in Equation (3.6), calculated power consumption will be used for the proposed 

method’s result parameter calculations. Here we described the calculation of power 

consumption by considering ram utilization, mips utilization, and bw utilization together. 

Also, maximum power consumed at peak load (Pmax) and minimum power consumed at idle 

state (Pmin) are also considered for power consumption calculation. The same power 

consumption calculation will be used in subsequent sections of this thesis. 

 

3.5 Summary 

The problem statement was defined first in this chapter. Then discussion about the 

importance of energy efficiency in the cloud, which is another key consideration. This 

research is being driven by the need to reduce energy consumption in Cloud data centers. 

Load balancing is a method of distributing or reassigning jobs across the system to better 

utilize resources and improve response and processing time. The goal is to ensure optimal 

resource consumption, high throughput, and minimal overloading by effective load 

balancing among available resources or underlying hardware. 

Finally, a system architecture with a Load-Aware VM placement mechanism is 

demonstrated. At last, the mathematical equations and model are described for the 

calculation of power consumption.



 

65 
 

 

 

 

 

 

 

 

 

CHAPTER - 4 

Proposed Work and Implementation 



4. Proposed Work and Implementation 

66 
 

4. Proposed Work and Implementation 

4.1 Proposed Work 

Most of the work has been carried out with different strategies like load balancing, resource 

allocation, virtual machines migration, etc. Also, the existing approaches majorly rely on 

mips or CPU utilization. The thesis proposed novel approaches like VM relocation model, 

Host selection and VM migration strategies, Task submission and VM placement method, 

Load-Aware VM placement method, and Overloaded / Underloaded host selection method. 

Most of the proposed methods consist of important parameters like memory, mips, and 

bandwidth. 

4.1.1 Proposed Flowcharts for Minimizing Power Consumption 

To minimize power consumption, we have proposed various approaches in terms of 

flowcharts. First, the VM Relocation model has been proposed for the migration of virtual 

machines to either idle or underloaded physical machines. This model decides the migration 

of virtual machines based on upper-threshold and lower-threshold mips values. Second, the 

Host selection model has been defined where a standby physical machine will wake up in 

case of a higher workload or turn off once the execution is finished. Third, the VM migration 

model has been proposed with the resource weight calculation of ram, mips, and bandwidth. 

It also decides the source machine and destination machine for the VM migration before the 

process starts. 

4.1.1.1 VM Relocation Model 

With novel methodologies of Virtual Machine (VM) relocation and respective Physical 

Machine (PM) migration on data centers, the VM Relocation model helps to minimize 

energy usage. The proposed approach is compatible with numerous data centers, real 

computers, and virtual machines in a cloud environment. This model efficiently distributes 

and executes system workloads in the shortest time possible. 

For the VM Relocation model, upper-threshold and lower-threshold values must be 

established for all accessible VMs. Following the definition of threshold values, resource 

usage calculations for available VMs and physical machines will be performed. Standby 

physical machines will be activated to satisfy high load execution requirement. In the event 

of a low-load execution need, the system will find the best-suited physical machine and 
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relocate all of the VMs to it. All running physical machines and virtual machines will be 

shut off once the workload is completed, saving a considerable amount of energy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FIGURE 4.1 VM Relocation Model 
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4.1.1.2 Host Selection 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 4.2 Flowchart for Host Selection 
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The initial step in our suggested approach is to include the overloaded computer. It wakes 

up the standby physical machine and assigns resources for it if there is an overloaded 

machine. Another option for locating the low-load machine is to use a computer. If this is 

the case, choose it as a physical relocation unit and move it. After the mission is completed, 

turn off the physical migration system. The optimum host selection method is depicted as a 

flowchart in Fig. 4.2. 

When a data center has a large number of VMs, it consumes more host resources. Thus, if 

the data center is underutilized, use the bare minimum of data center resources by reducing 

the number of VMs in the system, and if the workload increases, raise the number of VMs 

in the data center. A dynamic VM construction mechanism that runs in a specific time period. 

The dynamic VM creation algorithm runs for all VM kinds and controls all three VM types 

in data centers. 

 

4.1.1.3 VM Migration 

The ram, mips, and bandwidth parameters are used to compute resource weight in this step. 

A flowchart depicting the VM Migration process is presented in Fig. 4.3. If VM migration 

is required, the migration source machine and migration target machine are chosen. It also 

estimates the migration differential to see if the migration is beneficial. After that, a 

migration VM is chosen and the migration procedure begins. 
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FIGURE 4.3 Flowchart for VM Migration 
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4.1.2 Proposed Algorithms for Host Selection and VM Migration  

The proposed algorithm of Host selection identifies if a physical machine is already available 

on a data center or wakes up a standby physical machine. While VM migration algorithm 

helps to decide the migration process in case of underloaded or overloaded resources. Both 

Host selection and VM migration algorithms are as follows: 

 

Algorithm 4.1: Host Selection 

Step 1. Start 

Step 2. Calculate occupied resource weight for each host 

Step 3. For each host  

 If occupied resource ratio > Threshold for all host 

  Wake up standby Physical Machine 

 Else 

  Select PM having  

  occupied resource ratio > Lower threshold &  

occupied resource ratio < Upper threshold 

Step 4. End 
 

Algorithm 4.1 describes the host selection strategy. Resource weight needs to be calculated 

for each host on the data center. Resource weight is calculated with ram, mips, and 

bandwidth for available resources. If the occupied resource ratio is greater than threshold 

value then one of the capable hosts needs to wake up. In other case select a capable host 

from the existing list if the occupied resource ratio of host is in between the lower threshold 

and upper threshold value.  
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Algorithm 4.2: VM Migration 

Step 1. Start 

Step 2. Calculate occupied resource weight 

Step 3. If TUR (Total Utilization Ratio) > TH (Threshold) then  

migrate one or more VM 

Step 4. Select migration source machine using Host  selection algorithm 

Step 5. Migrate VM until TUR (Total Utilization Ratio) > UT (Upper Threshold)  

Step 6. End 
 

Algorithm 4.2 describes the VM migration strategy. Resource weight and total utilization 

ratio need to be calculated for each VMs on the respective host. The upper threshold and 

lower threshold are set to 85% and 20% respectively. If the total utilization ratio of VM is 

greater than threshold value then migrate one or more VM as per the need. Identify source 

migration machine as per host selection strategy described in algorithm 4.1. Continue 

migrating VMs until it reaches to an upper threshold value. 

The proposed VM migration strategy overcomes the problems of traditional VM migration 

methods. Traditional VM migration decides migration mostly with mips parameter. While 

proposed VM migration strategy decides migration with ram, mips, and bandwidth 

parameters. In the traditional VM migration approach, there are chances for over-migration 

and because of that all the tasks may not be executed which leads to compromised QoS. 

While in the proposed approach, migration only occurs if the target host will not be 

overloaded after VM migration and will execute all the assigned tasks. This way the 

proposed VM migration strategy increases QoS. 

 

4.2   Task submission and VM Placement 

Task submission and VM placement method uses parameters like task length, mips, no. of 

PE (Processing Elements/cores), no. of tasks, and no. of VMs. The process of task 

submission and VM placement can be furnished with the following steps: 
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FIGURE 4.4 Task submission and VM Placement steps 

The complete process of Task submission and VM placement method consists of four basic 

steps as described in Fig. 4.4. 

1. Select Host 

In the first step, the host is identified from the host list on the basis of the maximum available 

mips. 

2. Select VM 

In the second step, VM is identified on the basis of the maximum available mips. 

3. Submit Task 

In the third step, the task is submitted to identified VM in step 2. 

4. Submit Task to the waiting list 

In the last step, the submitted task is returned and then placed into the queue (waiting list) in 

case of VM does not have enough resources. 

The detailed steps for Task submission and VM placement are represented in Algorithm 4.3.    
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Algorithm 4.3: Task submission and VM Placement 

Input: Vm_list, Task_list, Host_list 

Output: VMid(j) to submit task ti 

Hostid = null 

VMid = null 

 
//Find Host from host k having maximum available mips 

For each ti task from Task_list 

Hostavailable_mips = 0 

for each Host k from Host_list 

if (Hostavailable_mips < Host_mipsk) 

Hostavailable_mips = Host_mipsk 

Hostid = Hostk.Hostid 

End if 

End for 

End for 

//Find VM from host k having maximum available mips 

For each vm from host having id = Hostid 

VMavailable_mips = 0 

for each vm j from Vm_list 

if (VMavailable_mips < vm_mipsj) 

VMavailable_mips = vm_mipsj 

VMid = VMk.VMid 

End if 

End for 

End for 

If VMid is not null and resources are available in VMid then 

            submit task to VM having id = VMid 

else 

            submit task to Task_list 
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4.2.1 Host Selection Strategy 

There may be more than one available host which can accept the task. Thus, the task must 

find the most suitable host based on priority information. It should consider the available 

host with minimum load. 

Processing time of host(i) : 

𝑃𝑇./01(") 	= 	
𝑇𝐿./01(")

𝑁_𝑃𝑅./01(")		𝑋	𝑆_𝑃𝑅./01(")	
 

(4.1) 

𝑃𝑇./01(") 	= 	
∑ 𝑅𝐸𝑄45#61.(7)*8
7$%

𝑁_𝑃𝑅./01(")		𝑋	𝑆_𝑃𝑅./01(")
 

(4.2) 

Host(i) ←  min (PThost(1), PThost(2), .., PThost(n)) (4.3) 

Example for a host: 

Assume there are 10 tasks, and each contains length of 1000 mips then total length can be 

calculated as follows: 

 TL = 10 * 1000 

 TL = 10000 mips  

Thus, 10000 mips is required to execute all 10 tasks. 

Further to calculate the processing time of a host where the host is having 5 processing 

elements (cores) and each processing element is having 2000 mips of speed.  

 N_PR = 5 

  S_PR = 2000 

  According to equation (4.1): 

𝑃𝑇./01(") 	= 	
𝑇𝐿./01(")

𝑁_𝑃𝑅./01(")		𝑋	𝑆_𝑃𝑅./01(")	
 

  PThost(i) = 10000 / (5 * 2000) 

  PThost(i) = 1 ms 

Hence to complete the execution of all tasks, 1 ms of processing time is required for the 

host. 
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4.2.2 VM Selection Strategy 

From the selected host, the VM Selection strategy identifies a suitable virtual machine 

from the available list of virtual machines. A virtual machine is preferred which can 

execute and finish tasks in the minimum possible processing time. 

Processing time of VM(j) : 

𝑃𝑇9,(:) 	= 	
𝑇𝐿9,(:)

𝑁_𝑃𝑅9,(:)	𝑋	𝑆_𝑃𝑅9,(:)	
 

(4.4) 

𝑃𝑇9,(:) 	= 	
∑ 𝑅𝐸𝑄45#61.(7)*;
7$8

𝑁_𝑃𝑅9,(:)	𝑋	𝑆_𝑃𝑅9,(:)
 

(4.5) 

VM(j) ←  min (PTVM(1), PTVM(2), .., PTVM(n)) (4.6) 

Example for a VM: 

Assume there are 5 tasks, and each contains length of 1000 mips then total length can be 

calculated as follows: 

 TL = 5 * 1000 

 TL = 5000 mips  

Hence, 5000 mips is required to execute all 5 tasks. 

To calculate the processing time of a virtual machine where the virtual machine is having 2 

processing elements (cores) and each processing element is having 1000 mips of speed.  

 N_PR = 2 

  S_PR = 1000 

  According to equation (4.4): 

𝑃𝑇9,(:) 	= 	
𝑇𝐿9,(:)

𝑁_𝑃𝑅9,(:)	𝑋	𝑆_𝑃𝑅9,(:)	
 

  PTVM(j) = 5000 / (2 * 1000) 

 PTVM(j) = 2.5 ms 

For the given scenario, 2.5 ms of processing time is required by virtual machines to execute 

all their tasks. 
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4.3 Load-Aware VM Placement  

Load-Aware VM Placement algorithm consists of mainly three components; load, host 

utilization, and VM utilization.  

Total load is calculated as an average of memory, mips and bandwidth parameters, and it is 

represented in Equation (4.7). 

𝐿𝑜𝑎𝑑	 =
𝑚𝑒𝑚𝑜𝑟𝑦	 + 	𝑚𝑖𝑝𝑠	 + 	𝑏𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ

3  (4.7) 

Host utilization is a ratio of the total load used by all the VMs on that host and the total load 

of the host, which is represented by Equation (4.8). 

𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛	𝑜𝑓	𝐻𝑜𝑠𝑡	 =
𝑇𝑜𝑡𝑎𝑙	𝑙𝑜𝑎𝑑	𝑢𝑠𝑒𝑑	𝑏𝑦	𝑎𝑙𝑙	𝑉𝑀𝑠	𝑜𝑛	ℎ𝑜𝑠𝑡

𝑇𝑜𝑡𝑎𝑙	𝑙𝑜𝑎𝑑	𝑜𝑓	ℎ𝑜𝑠𝑡  
(4.8) 

VM utilization is a ratio of total load used by all the tasks on that VM and a total load of 

VM, which is represented in Equation (4.9). 

𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛	𝑜𝑓	𝑉𝑀	 =
𝑇𝑜𝑡𝑎𝑙	𝑙𝑜𝑎𝑑	𝑢𝑠𝑒𝑑	𝑏𝑦	𝑎𝑙𝑙	𝑡𝑎𝑠𝑘𝑠	𝑜𝑛	𝑉𝑀

𝑇𝑜𝑡𝑎𝑙	𝑙𝑜𝑎𝑑	𝑜𝑓	𝑉𝑀  
(4.9) 
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The detailed steps of Load-Aware VM Placement are represented in Algorithm 4.4. 

Algorithm 4.4: Load-Aware VM Placement 

Input: hostsList, vmList 

Output: LoadAwarePlacement of VMs 

 
vmList.sortDecreasingUtilization() 

Foreach vm in vmList do 

bestPlacement ← Min 

bestHost ← Null 

Foreach host in hostList do 

If host has enough resources for vm then 

Utilization ← estimateUtilization (host,vm) è  

Uhost,vm = Uhost + Uvm 

LoadIncrement ← estimate LoadIncrement (host,vm) è  

Loadhost,vm = Loadhost,vm – Loadhost 

placement ← utilization – LoadIncrement  

If placement > bestPlacement then 

bestHost ← host 

bestPlacement ← placement  

If bestHost != Null then 

LoadAwarePlacement.add (vm,bestHost) 

   End If 

  End Foreach 

  End Foreach 

 

 

4.4   Overloaded / Underloaded Host Selection 

The goal of the Host selection algorithm is to identify any overloaded or underloaded hosts. 

This procedure aids in the accurate and consistent management of system performance, 

resulting in improved service quality. Furthermore, any host with a workload of more than 
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85 percent is considered overloaded and is not permitted to accept any additional task 

requests. Similarly, if any host has a burden of less than 20%, it should be shut off rather 

than kept operating or active. 

We confirm that both processes save energy; in the case of an overloaded host, if we try to 

assign additional tasks beyond the capacity of the host, the chances of it going into an infinite 

loop or suspending are high, whereas in the case of an underloaded host, if we keep assigning 

additional few percentages of workload, we don't use such expensive resources and, as a 

result, we waste a lot of energy. Overloaded and underloaded hosts are used to determine 

whether or not additional burden should be distributed to running hosts and VMs. 

The detailed steps for Overloaded / Underloaded host selection are represented in Algorithm 

4.5. 

Algorithm 4.5: Overloaded / Underloaded Host Selection 

Input: hosts 

Output: overloaded host detection & underloaded host detection 

 
isHost.underloaded = False 

isHost.overloaded = False 

If Host.Utilization > 85% 

      is.Host.overloaded = True 

End If 

Else if Host.Utilization < 20% 

       isHost.underloaded = True 

End Else if 

 

4.5 Implementation Tools 

At the initial stage, implementation of the VM relocation method has been carried out on a 

virtual cloud environment known as CloudSim [88]. It provides simulation for cloud 

computing infrastructure and services. A step ahead, OpenStack has been explored and 

hosted over a dedicated machine with Mac OS. Proposed methods have been implemented 

on OpenStack for the experimentation of energy consumption as well as a number of virtual 

machine migration with a workload of 500 to 3500 cloudlets. Moving forward, OpenStack 
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has been hosted over the scalable infrastructure of AWS cloud to sustain a higher workload. 

Algorithms Task submission and VM placement, Load-Aware VM placement, and 

Overloaded / Underloaded host selection have been implemented on OpenStack with AWS 

environment to determine various parameters like energy consumption, virtual machine 

migration, and mean time before VM migration. 

4.5.1 Amazon Web Services (AWS) – Compute Service 

Data backup, disaster recovery, email, virtual desktops, software development, and testing, 

big data analytics, and customer-facing web apps are just a few of the use cases that 

organizations of all types, sizes, and industries are embracing cloud for. Healthcare 

organizations, for example, are utilizing the cloud to produce more individualised treatments 

for patients. The cloud is being used by financial services businesses to power real-time 

fraud detection and prevention. The cloud is also being used by video game developers to 

deliver online games to millions of players all over the world. 

Cloud computing is the delivery of IT services over the Internet on-demand and on a pay-

as-you-go basis. You can rent computing power, storage, and databases from a cloud 

provider like Amazon Web Services on an as-needed basis instead of purchasing, managing, 

and maintaining physical data centers and servers (AWS). 

With over 200 feature rich services available from data centers around the world, AWS 

Global Cloud Infrastructure is the most safe, comprehensive, and dependable cloud platform 

available. AWS can help you deploy application workloads globally in a single click or 

create and deploy tailored apps closer to your end customers with single-digit millisecond 

latency. With millions of active users and tens of thousands of partners, AWS has the world's 

largest and most vibrant ecosystem.  

Amazon Elastic Computational Cloud (Amazon EC2) delivers the largest and deepest 

compute platform available, with over 500 instances and a choice of the latest processor, 

storage, networking, operating system, and purchase model. We were the first major cloud 

service to support Intel, AMD, and Arm CPUs, as well as the first to offer on-demand EC2 

Mac instances with 400 Gbps Ethernet networking. In the cloud, we have the lowest cost per 

inference instance and the best pricing performance for machine learning training. More 

SAP, high-performance computing (HPC), machine learning (ML), and Windows programs 

are hosted on AWS than on any other cloud. 
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FIGURE 4.5 EC2 Dashboard 

To gain a general notion of where instances should be placed in a virtualized private 

environment, Amazon EC2 provides a dashboard with a list of services, resources, and 

shortcut menus. The Resource tab provides a summary of currently operating instances, 

elastic IPs, security groups, volumes, and other items. 

To create a new instance, AWS provides a 7-step simple and user-friendly method [89]. 

FIGURE 4.6 EC2 Amazon Machine Image 

EC2 AMI has various operating systems to install on an EC2 instance in form of machine 

image with different flavours and versions; like Ubuntu, Amazon Linux Image, RedHat, 

Windows, etc. 
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FIGURE 4.7 EC2 Instance Type Selection 

 AWS console provides flexible options to choose instance type as per need. Instance types 

are grouped into the family according to the resource like CPU, memory, GPU. All the 

instances are named in a specific format; for example, t3.2xlarge where t3 indicates family 

(third generation) and 2xlarge indicates instance capacity (CPU/memory). 

FIGURE 4.8 EC2 Instance Networking 

AWS gives flexibility to setup a network according to the user’s choice to place instance and 

other configurations like subnet, public IP, public DNS, user script, etc. Also one can use 

the default network. 
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FIGURE 4.9 EC2 Instance Storage 

AWS instance stores data into EBS volume. Default root volume of size 8GiB is provided 

by the AWS, one can modify root volume as per the need. Also, additional volumes can be 

added as secondary storage. 

 

FIGURE 4.10 EC2 Instance Tags 

To highlight EC2 instances, AWS has tagging mechanism. Tags are in the form of key value 

pair. Other resources can communicate with specific EC2 instance recognizing tags. 
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FIGURE 4.11 EC2 Instance Security Group 

To control what traffic comes in or goes out from access EC2 instance is controlled by the 

security group. Handling of incoming traffic can be controlled by adding inbound rules and 

outgoing traffic can be controlled by adding outbound rules. 

FIGURE 4.12 EC2 Instance Review 

After setting up all the parameters required to setup an instance, AWS gives a summary of 

selected configurations. Users may also edit particular configurations from the instance 

review step. 
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FIGURE 4.13 EC2 Instance Login Key Pair 

 Once the instance has been setup, a key is required to access the instance. This key is a 

private key and is made up of the RSA algorithm. 

FIGURE 4.14 EC2 Instance Launch Status 

If all the configurations are correct then the launch status screen will appear. This screen 

helps the user to get an exact idea of launching the instance. 
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FIGURE 4.15 EC2 Instance Detail 

 The instance detail screen gives you a list of instances either running or stopped. A specific 

instance is recognized with different attributes like name, ID, state, type, status, etc. 

FIGURE 4.16 EC2 Instance Health Check 

Once the EC2 instance is in running mode, it has to pass health checks. AWS performs two 

health checks to make sure that the EC2 instance is working fine. 
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4.5.2 OpenStack  

OpenStack [90] is a cloud operating system that uses APIs and standard authentication 

techniques to manage and deploy large pools of compute, storage, and networking resources 

across a data center.  

A dashboard is also available, allowing administrators to keep control while empowering 

users to provision resources using a web interface. 

OpenStack is divided into services, allowing you to plug and play components to meet your 

specific requirements. The OpenStack map provides an "at a glance" perspective of the open-

source environment, allowing you to see where those services fit in and how they can 

collaborate. 

To ensure that user applications are available at all times, additional components, in addition 

to normal infrastructure-as-a-service functionality, including orchestration, fault 

management, and service management, among other services. 

OpenStack launched in 2010 as a collaborative initiative of Rackspace Hosting and NASA, 

and it manages enormous pools of computing, storage, and networking resources throughout 

a data center. More than 500 firms have joined the project, which is now overseen by the 

OpenStack Foundation, a non-profit corporation founded in September 2012 to promote 

OpenStack software and its community. 

Some of the OpenStack Services are compute, Hardware lifecycle, Storage, and Networking. 

It also provides a Ceilometer kind of tool for Monitoring. 

OpenStack is committed to a transparent design and development methodology. A six-month 

release cycle is followed by the community, which includes frequent development 

milestones. The community gathers for the Forum during each release cycle to gather user 

requirements, after which developers gather for the Project Teams Gathering (PTG) to begin 

development work and cross-project collaboration. 

You'll want to look into the many tools available to assist you to manage your OpenStack 

cloud once it's up and running. 

A hypervisor provides software to manage virtual machine access to the underlying 

hardware. The hypervisor is able to perform the following important actions for virtual 

machines: 
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• Create virtual machines 

• Manage virtual machines 

• Monitor virtual machines 

OpenStack Compute (nova) supports many hypervisors to various degrees, including: 

• QEMU 

• KVM [Kernel Virtual Machine] 

• Xen 

• Hyper-V 

• PowerVM 

• zVM 

• Ironic 

 

4.5.2.1 OpenStack - Installation and Implementation 

Step 1: 

Following prerequisite software / packages are required prior to installation of OpenStack: 

• Python 2.7 or later 

• Setuptools package  

(Installed by default on Mac OS X) 

• Pip package 

# easy_install pip 

 

Step 2: 

Install the OpenStack client. 

# pip install python-openstackclient 

 

Step 3: 

Install the nova and ceilometer client for the OpenStack. 

# pip install python-novaclient 

# pip install python-ceilometerclient 

 

4.5.2.2 OpenStack - Configuration 

In this section, we discuss how we have installed and used OpenStack for our proposed 

solution.  
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FIGURE 4.17 OpenStack Authentication 

OpenStack authenticates its user by the method of username with a password to access the 

dashboard. 

 

FIGURE 4.18 OpenStack Projects 

Once the user is logged into OpenStack, a dashboard appears with several options like 

Projects, Admin, Identity, etc. The projects screen lists all the projects with their name, 

description, id, domain name, etc. 
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FIGURE 4.19 OpenStack Users 

 OpenStack users are various component resources like nova, cinder, glance, etc. Users 
screen lists all the users with a user name, description, email, user id, domain name, etc. 

FIGURE 4.20 OpenStack Groups 

OpenStack mainly provides two types of groups; nonadmins and admins with a respective 

set of permissions. User can be placed in any of the groups with respect to authorization. 

Groups screen lists groups with name, description, group id, actions, etc. 
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FIGURE 4.21 OpenStack Roles 

OpenStack role is a set of permission. Role(s) can be attached to one or more resources. 

Roles screen lists roles along with name, id, and role edit option. 

 

FIGURE 4.22 Create Application Credential 

The application requires an authentication mechanism to be accessed through different 

resources of OpenStack by creating secret. Apart from secret other required fields are name, 

description, expiration date and time, and roles. 
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FIGURE 4.23 Application Credential Confirmation 

 Once the application credential screen is setup, a confirmation screen for the same appears. 

It also allows to download openrc and clouds.yaml file for later use. 

FIGURE 4.24 OpenStack Application Credentials 

Application credentials screen lists all the created application credentials with name, project 

id, description, timestamp, id, roles, and action to delete application credentials. 
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FIGURE 4.25 Detailed view of Application Credentials 

Details of application credentials can be viewed by clicking on the name field. The detail 

view depicts name, id, project id, description, role, and timestamp. 

 

FIGURE 4.26 Project API Access 

API(s) enabling is required in order to create different resources once the project is created. 

API Access screen lists various APIs for resources. 
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FIGURE 4.27 Overview Screen of Compute 

 The overview screen of compute displays various component summary like compute, 

volume, network, etc. 

FIGURE 4.28 Compute Instance 

Compute instance screen consists of various information like overview, interfaces, logs, 

console, and action log. Overview screen of compute instance summarizes instance details 

like name, description, id, status, specifications, etc. 
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FIGURE 4.29 System Information 

A system information screen is made up of services, compute services, block storage 

services, and network agents. System information’s services screen displays the name, type 

of the service, region, and endpoints. 

 

4.5.3 Components of OpenStack 

OpenStack is a cloud environment that can be hosted anywhere with different operating 

systems. OpenStack has a wide range of component resources that are used to create a cloud 

environment as per the need. Nova is used as compute service, Glance is used for image 

service, Swift is used for object storage, Ceilometer is used for telemetry, etc. 

4.5.3.1 KiloWatt API (KWAPI) 

KiloWatt API (KWAPI) [91] is an energy monitoring software framework that can manage 

OpenStack clouds. 

The KWAPI framework, which has a scalable, extendable, and fully integrated design, 

supports numerous wattmeter devices, multiple measurement formats, and reduces 

communication overhead. Fig. 4.4 represents KiloWatt API (KWAPI) Framework. 
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FIGURE 4.30 KiloWatt API (KWAPI) Framework 

Kwapi is a software framework that uses heterogeneous energy sensors to monitor the energy 

consumption of large-scale facilities. Kwapi was created for OpenStack infrastructures as 

part of the FSN XLCloud project. Kwapi has been extended and deployed in production 

mode with the help of the Hemera Inria project to provide easy and large-scale energy 

profiling of Grid5000 resources. Kwapi now supports the Grid5000 Lyon platform's high 

frequency power meters. 

 KWAPI has been implemented in python. Code snippets of kwapi.py are as follows: 

FIGURE 4.31 KWAPI Modules and Library 
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FIGURE 4.32 KWAPI Client 

 

FIGURE 4.33 KWAPI Base Class 

FIGURE 4.34 KWAPI EnergyPollster Class 
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FIGURE 4.35 KWAPI PowerPollster Class 

4.5.3.2 Ceilometer 

The Ceilometer project [92] is a data collection service that allows users to normalize and 

transform data across all current OpenStack core components, with plans to support future 

OpenStack components in the near future. The Telemetry project includes Ceilometer as a 

component. Its data can be used across all OpenStack core components to provide client 

billing, resource tracking, and warning capabilities. 

Fig. 4.36 represents Ceilometer Structure. 

 

 

 

 

 

 

FIGURE 4.36 Ceilometer Structure 
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5. Results and Discussions 

5.1 Results Parameters 

The overall response time and data center processing time are calculated using the task 

submission and VM placement procedure. Round Robin, Equally Spreaded Current 

Execution (ESCE), Throttled, Least Frequently Used (LFU), and suggested Load Balancing 

Policy are all calculated and compared. Proximity-based routing, Optimized response time, 

and Dynamically reconfigured approaches were used in all of these comparisons. 

1. Service Proximity-based Routing 

This routing policy identifies and picks the data center with the lowest network latency, 

which is the data center closest to the user. When two or more nearby data centers are 

available, a random selection should be made. During its operation, this routing policy does 

not take into account load or cost.  

2. Performance Optimized Routing 

The performance of all data centers is monitored by the service broker in a performance 

optimized routing strategy, and traffic is routed to the data centers depending on the best 

response time. This routing policy does not take into account the cost of its operation. 

3. Dynamically Reconfigurable Routing 

This routing strategy is an extension of service proximity-based routing, in which the routing 

logic stays the same but the service broker is given the additional job of scaling the 

application deployment to the load. This routing scheme has the potential to raise or decrease 

the number of virtual machines created in existing data centers. 

To reduce energy consumption and VM migration while increasing mean time, load-aware 

VM placement and overloaded / underloaded host selection methods are applied. All of these 

parameters are compared to existing approaches such as ThrMmt [93], ThrRs [94], MadMu 

[95], and MadRs [96]. 

1. ThrMmt 

ThrMmt is the Threshold Minimum Migration Time method. ThrMmt is a combination of 

Threshold VM allocation policy and Minimum Migration Time VM selection policy.  



5. Results and Discussion 

101 
 

2. ThrRs 

ThrRs is the Threshold Random Selection method. ThrRs method uses Static Threshold 

(THR) VM allocation policy and Random Selection (RS) VM selection policy. 

3. MadMu 

MadMu is the Median Absolute Deviation Minimum Utilization method. MadMu comprises 

of Median Absolute Deviation (MAD) VM allocation policy and Minimum Utilization (MU) 

VM selection policy. 

4. MadRs 

MadRs is the Median Absolute Deviation Random Selection method. MadRs method 

consists of Median Absolute Deviation (MAD) VM allocation policy and Random Selection 

(RS) VM selection policy. 

 

5.2 Experimental Setup and Result Discussion 

This thesis proposes various innovative methods like; VM Relocation, Host selection and 

VM migration, Task submission and VM placement, Load-Aware VM placement, and 

Overloaded / Underloaded host selection. An experimental setup has been done using 

different cloud environments such as CloudSim, OpenStack, and AWS. Captured results are 

analyzed and discussed with various parameters of existing and proposed methods. 

 

5.2.1 Result Discussion of VM Relocation model 

CloudSim [88], a well-known simulation program, has been used to implement the Virtual 

Machine Relocation Model. CloudSim is a virtual cloud architecture simulation environment 

that allows you to set up cloud servers, physical computers, and virtual machines. It also 

allows you to change VM setups and generate different-sized workloads (cloudlets). 
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TABLE 5.1 VM Relocation Comparison with Traditional Model and Proposed Model 

Workload 
[Cloudlets] 

VM Relocation 

Traditional Model Proposed Model 

500 98 94 
1000 119 114 
1500 132 127 
2000 139 132 
2500 153 145 

 

 

FIGURE 5.1 VM Relocation Analysis 

Table 5.1 compares the traditional model with the suggested system model in terms of 

required VM relocation. On CloudSim, we produced the total workload or number of 

cloudlets as 500, 1000, 1500, 2000, and 2500 to make comparisons more obvious and 

meaningful. The old approach requires 98, 119, 132, 139, and 153 VM relocations, whereas 

the new model requires 94, 114, 127, 132, and 145 VM relocations for 500, 1000, 1500, 

2000, and 2500 cloudlets, respectively. Fig. 5.1 shows that the number of VMs that must be 

migrated is reduced by about 4% to 5%. Less virtual machine relocation necessitates fewer 

energy requirements, which in turn consumes less energy using the current system model for 

the cloud environment. 
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5.2.2 Result Discussion of Host selection and VM migration 

Experiments in an extremely complex environment, such as the cloud, cannot be repeated 

with confidence. As a result, an OpenStack – a real cloud enabled environment has been 

replicated on a local machine with Mac OS to measure a number of virtual machine 

migration and energy consumption. On a local machine (single node), OpenStack allows 

data center modelling and simulation. A local machine with a capacity of 1.8 GHz Dual-

Core Intel Core i5 processor, 8 GB memory, 10 Gigabit ethernet network bandwidth, and 

128 GB of storage has been used to setup the environment. This setup allows you to 

dynamically create and destroy virtual machines (VMs) along with hosts. The workload can 

be scaled out to the maximum capacity of 3500 cloudlets. This approach also allows 

migrating a single virtual machine several times. 

TABLE 5.2 Energy Consumption Comparison: Threshold vs Host selection and VM Migration Method 

No. of 
Cloudlets 

Energy Consumption (KW) 

Threshold Method Proposed Method 

1000 90 86 
1500 95 91 
2000 120 116 
2500 140 136 
3000 160 151 
3500 185 181 

 

The comparison of energy consumption by threshold technique versus Host selection and 

VM migration method is an essential assessment for this research. Table 5.2 represents the 

comparison of the threshold method to the proposed method with a number of cloudlets. The 

comparison value with 1000, 1500, 2000, 2500, 3000, and 3500 cloudlets is shown. Even 

with the increase in the number of cloudlets, the proposed method consumes less energy 

compared to the threshold method. In the threshold method, the energy consumption is 

gradually increased with the rise in cloudlets while it is negligible with the proposed method. 
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FIGURE 5.2 Energy Consumption for Threshold vs Host selection and VM migration 

The X-axis in Fig. 5.2 depicts the number of cloudlets, while the Y-axis represents the 

amount of energy consumed in KW/hour. Compared to the threshold method, the Host 

selection and VM migration method consumed less energy by 3–5% with a huge number of 

cloudlets. 

TABLE 5.3 VM Migration Comparison: Threshold vs Host selection and VM migration Method 

No. of 
Cloudlets 

Number of VM Migration 

Threshold Method Proposed Method 

1000 120 115 
1500 130 127 
2000 136 131 
2500 155 146 
3000 170 159 
3500 173 164 

 

The total number of VM migrations within the data center is another important aspect of a 

green cloud system. Table 5.3 compares the threshold and proposed method for VM 

migration in a certain data center with 1000, 1500, 2000, 2500, 3000, and 3500 cloudlets. 
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With the increase in cloudlets, the threshold method subsequently migrates more number of 

virtual machines which is higher compared to the proposed method. 

 

FIGURE 5.3 VM Migration for Threshold vs Host selection and VM migration 

As shown in Fig. 5.3, the number of cloudlets is represented on the X-axis, while the number 

of virtual machine (VM) migrations is represented on the Y-axis. The maximum VM 

migration in the threshold technique is 4-6 % higher compared to the proposed method. This 

implies that the threshold method requires more time and energy than the proposed method. 

It is demonstrated that the VM migration method is fairly effective at reducing migrations 

on existing cloud infrastructure on a large scale. 

 

5.2.3 Result Discussion of Task submission and VM placement method 

We installed and configured OpenStack on the top of Mac OS to perform task submission 

and the VM placement method. To begin, we considered ten hosts in the initial experiment. 

A total of 50 virtual machines with a capacity of 5 processing components were installed. 

We fed 500 tasks with a total duration of 5000 jobs into the input workload. 

The above-mentioned experimental setup yielded numbers for overall response time and 

data center processing time. Three approaches, Service Proximity-based Routing, 

Performance Optimized Routing, and Dynamically Reconfigurable Routing, were used to 
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calculate overall response time and data center processing time. The proposed load balancing 

strategy is used in conjunction with existing approaches such as Round Robin, Equally 

Spreaded Current Execution, Throttled, and Least Frequency Used to analyze the results. 

Tables 5.4 and 5.5 show the results for overall response time and data center processing time, 

respectively.  

TABLE 5.4 Comparative Analysis of Overall Response Time 

  

Proximity-

based Routing 

(ms) 

Optimized 

Response Time 

(ms) 

Dynamically 

Reconfigured 

(ms) 

Round Robin 158.42 152.65 158.49 
Equally Spreaded 
Current Execution 

(ESCE) 
152.13 153.43 157.24 

Throttled 152.04 152.67 156.92 
Least Frequently Used 

(LFU) 151.56 151.66 155.8 

Proposed Load 
Balancing Policy 150.34 151.08 155.6 

 

FIGURE 5.4 Comparison of Proximity based Routing for Overall Response Time 

Fig. 5.4 represents a comparison of proximity-based routing for the overall response time of 

the data center. Traditional scheduling methods are compared with the proposed method. 
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FIGURE 5.5 Comparison of Optimized Response Time with Overall Response Time 

Fig. 5.5 shows a comparison of optimized response time for Round Robin, ESCE, Throttled, 

LFU, and the proposed method. 

 

FIGURE 5.6 Comparison of Dynamically Reconfigured for Overall Response Time 

Fig. 5.6 depicts a dynamically reconfigured time comparison between traditional methods 

and the proposed method for overall response time. 
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FIGURE 5.7 Comparison of Overall Response Time 

Fig. 5.7 represents a comparison of overall response time (in ms) where the proposed method 

is compared with other well-known scheduling techniques. From the comparison, it is 

derived that the proposed method outperforms for all three parameters e.g. proximity-based 

routing, optimized response time, and dynamically reconfigured. The proposed policy 

appears to be promising based on the experimental results. 

TABLE 5.5 Comparative Analysis of Data Center Processing Time 

  
Proximity- 

based Routing 
(ms) 

Optimized 
Response Time 

(ms) 

Dynamically 
Reconfigured 

(ms) 
Round Robin 0.96 1.44 7.02 

Equally Spreaded 
Current Execution 

(ESCE) 
0.59 2.21 5.75 

Throttled 0.43 1.46 5.43 
Least Frequently Used 

(LFU) 0.41 1.23 5.36 

Proposed Load 
Balancing Policy 0.35 1.01 5.23 
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FIGURE 5.8 Comparison of Proximity based Routing for Data Center Processing Time 

Fig. 5.8 represents a comparison of proximity-based routing for data center processing time. 

Traditional scheduling methods are compared with the proposed method. 

 

FIGURE 5.9 Comparison of Optimized Response Time with Data Center Processing Time 

Fig. 5.9 shows a comparison of the optimized response time of Round Robin, ESCE, 

Throttled, LFU, and the proposed method for data center processing time. 
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FIGURE 5.10 Comparison of Dynamically Reconfigured for Data Center Processing Time 

Fig. 5.10 depicts a dynamically reconfigured time comparison between traditional methods 

and the proposed method for data center processing time. 

 

FIGURE 5.11 Comparison of Data center Processing Time 

Fig. 5.11 represents a comparison of data processing time (in ms) where the proposed 

method is compared with traditional scheduling techniques like; Round Robin, Equally 
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Spreaded Current Execution, Throttled, and Least Frequently Used. From the comparison, 

it is derived that the proposed method has better results for all three parameters e.g. 

proximity-based routing, optimized response time, and dynamically reconfigured.  

5.2.4 Result Discussion of Load-Aware VM placement and Overloaded / Underloaded 

Host Selection methods 

On OpenStack, mechanisms such as overloaded / underloaded host selection and load-aware 

VM placement have been implemented. OpenStack has been hosted on a real-time AWS 

server to conduct lengthy research experiments and handle large workloads. A dedicated 

t3.2xlarge EC2 instance with 8 vCPU, 32 GiB memory, and 4 Gbps network performance 

has been deployed for AWS infrastructure. We have dynamically distributed roughly 12000 

VMs from a pool of 1000 available hosts, taking into account that a single VM may move 

numerous times before completing the supplied workload. On the other hand, we used 

Kaggle to feed a prepared sample dataset as a workload. The use of a big dataset allowed for 

effective system scalability and performance measurement.  

The methods Threshold Minimum Migration Time (ThrMmt), Threshold Random Selection 

(ThrRs), Median Absolute Deviation Minimum Utilization (MadMu), and Median Absolute 

Deviation Random Selection have been implemented. The results are analyzed using three 

criteria: energy consumption, the number of VM migrations, and the mean time value. Table 

5.6 summarises the values for energy consumption, number of VM migrations, and mean 

time before VM migration in ms. Fig. 5.12, 5.13, and 5.14 represent the results of the energy 

usage, number of VM migration, and mean time analysis in line charts, respectively. 

TABLE 5.6 Comparison of Proposed vs Traditional approaches 

Criteria 
Approach 

ThrMmt ThrRs MadMu MadRs Proposed 

Energy Consumption 
(KW) 

191.73 189.36 193.42 188.24 185.66 

No of VM Migration 26583 26379 26963 26138 25904 

Mean time before VM 
migration (ms) 

19.33 19.71 19.67 19.71 19.77 
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FIGURE 5.12 Comparison of Energy Consumption 

Fig. 5.12 represents a comparison of energy consumption (in KW) where the proposed 

method is compared with other well-known methods. From the comparison, it is derived that 

the proposed method outperforms compared to other methods such as ThrMmt, ThrRs, 

MadMu, and MadRs. It is also noted that the proposed method consumed 3% less energy 

compared to the MadMu method. 

 

FIGURE 5.13 Comparison of No of VM Migration 
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Fig. 5.13 represents a comparison of number of VM migration between the proposed method 

other methods. It is described that the proposed method required 4% less VM migration 

compared to the MadMu method. 

 

FIGURE 5.14 Comparison of Mean time before VM migration 

Fig. 5.14 depicts mean time comparison before VM migration between ThrMmt, ThrRs, 

MadMu, MadRs, and the proposed method. The proposed method has 2.28% improvement 

in mean time compared to the ThrMmt method. 

 

FIGURE 5.15 Overall Comparison of Different Approaches 
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Fig. 5.15 represents an overall comparison of energy consumption, the number of VM 

migrations, and mean time before VM migration for different approaches like ThrMmt, 

ThrRs, MadMu, MadRs with the proposed approach. 

For the latest trends, Particle Swarm Optimization (PSO) and Honey Bee algorithms are 

implemented and compared with proposed Load-aware VM placement and Overloaded / 

Underloaded host selection method. For the experimentation purpose, CloudSim has been 

used. We have used a 1000 hosts with the capacity of having 12000 VMs deployed over it. 

A big-sized file is used as an input task list. Table 5.7 consists of the value of energy 

consumption, number of VM migrations, and mean time before VM migration for PSO, 

Honey Bee, and proposed algorithms. Fig. 5.16, 5.17, and 5.18 represent the results of the 

energy usage, number of VM migration, and mean time analysis in line charts, respectively. 

TABLE 5.7 Comparison of PSO, Honey Bee and Proposed approaches 

Criteria 
Approach 

PSO Honey Bee Proposed 
Energy Consumption 
(KW) 186.35 185.88 185.52 

No of VM Migration 26101 26048 25943 
Mean time before VM 
migration (ms) 19.73 19.76 19.77 

 

 

FIGURE 5.16 Comparison of Energy Consumption between PSO, Honey Bee and Proposed Approach 
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Fig. 5.16 represents an energy consumption comparison between PSO, Honey Bee, and 

proposed methods. From the comparison, it is derived that the proposed method consumes 

approximately 0.5% less energy compared to the PSO method, which is a significant 

improvement when extend to large scale. 

 

FIGURE 5.17 Comparison of No of VM Migration between PSO, Honey Bee and Proposed Approach 

Fig. 5.17 represents a number of VM migrations comparison between PSO, Honey Bee, and 

the proposed method. It shows that approximately 0.6% less VM migrations are required for 

the proposed method compared to PSO.  

 

FIGURE 5.18 Comparison of Mean time before VM migration between PSO, Honey Bee and Proposed 

Approach 
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Fig. 5.18 shows the mean time comparison between PSO, Honey Bee, and the proposed 

method. The proposed method has approximately 0.21% improvement in mean time 

compared to PSO. 

 

FIGURE 5.19 Overall Comparison between PSO, Honey Bee and Proposed Approach 

Fig. 5.19 represents an overall comparison of energy consumption in KW, the number of 

VM migrations in 103 values, and mean time before VM migration in ms for latest  

approaches like PSO and Honey Bee with the proposed approach. 
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6. Conclusion and Future Work 

6.1 Conclusion 

There is a necessity to build a huge number of cloud data centers because of the drastic 

increase in internet users that in turn leads to avail high demand for computing capacity. A 

huge amount of energy is required to operate and manage data centers. In all existing 

traditional approaches mostly either mips or memory has been considered to improve system 

performance and to reduce energy consumption. The novel methods such as VM Relocation, 

Host selection and VM migration, Task submission and VM placement, Load-Aware VM 

placement, and Overloaded / Underloaded host selection are proposed. Proposed methods 

focused on average load capacity, which is calculated as an average utilization of memory, 

mips, and bandwidth. VM Relocation method concentrates on the relocation of a virtual 

machine which helps to decrease the number of relocations compared to the traditional 

method. Host selection and VM migration method decreases virtual machine migration and 

minimizes energy consumption compared to threshold method. Task submission and VM 

placement method considerably improve performance on overall response time and data 

center processing time compared to traditional Round Robin and other scheduling 

algorithms. Overloaded / Underloaded host selection method mostly focuses on VM 

migration strategy while the Load-Aware VM placement method helps to reduce energy 

consumption. They also improve mean time value. 

The proposed approach has 4% less VM migration and 3% less energy consumption 

compared to the MadMu method, while it has 2.28% improvements for Mean time compared 

to the ThrMmt method. Task queues are managed by proposed algorithms that confirm better 

Quality of Service (QoS) and SLA management. All in all, they helped reduce energy 

consumption and optimized system performance. 
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6.2 Future Work 

The proposed approach with three unique methods has performed well with comparatively 

better results. Total load, utilization of host, and utilization of VM are calculated with 

memory, mips, and bandwidth. This calculation might be explored further with additional 

parameters. 

In proposed methods, the input workload task-list has been assigned in a first come first 

serve manner. The proposed system can be explored further with priority-based task 

execution with a new workload assignment strategy.



 

120 
 

List of References 
 

[1] “Final Version of NIST Cloud Computing Definition.” https://www.nist.gov/news-

events/news/2011/10/final-version-nist-cloud-computing-definition-published. 

[2] R. Buyya, J. Broberg, and A. Goscinski, “CLOUD COMPUTING Principles and 

Paradigms Edited by.” [Online]. Available: www.wowebook.com. 

[3] “Salesforfce.” https://www.salesforce.com/in/crm/?d=pt1-txt-crm. 

[4] “Microsoft.” https://www.microsoft.com/en-in/. 

[5] “Google.” https://www.google.com/. 

[6] “IBM Cloud.” https://www.ibm.com/in-en/cloud (accessed Mar. 18, 2022). 

[7] “Zoho.” https://www.zoho.com/. 

[8] “AWS Services.” https://aws.amazon.com/. 

[9] J. Stoess, C. Lang, and F. Bellosa, “2007 Usenix Annual Technical Conference: 

Energy Management for Hypervisor-Based Virtual Machines,” Syst. Archeticture 

Gr., pp. 1–14, 2007. 

[10] S.-H. Lim, B. Sharma, G. Nam, E. Kim, and C. Das, “MDCSim: A multi-tier data 

center simulation, platform,” in Cluster Computing and Workshops, 2009. 

CLUSTER ’09. IEEE International Conference on, 2009, pp. 1–9, doi: 

10.1109/CLUSTR.2009.5289159. 

[11] E. Sheme and N. Frasheri, “SOFTWARE TOOLS AND TECHNIQUES FOR 

ENERGY EFFICIENCY IN DATA CENTRES,” 2015. 

[12] “Google Apps.” https://workspace.google.com/features/. 

[13] “Box.” https://www.box.com/. 

[14] “Dropbox,” [Online]. Available: https://www.dropbox.com/. 

[15] “Microsoft Azure,” [Online]. Available: https://azure.microsoft.com/. 

[16] “Google App Engine.” https://cloud.google.com/appengine. 

[17] “Amazon Map Reduce.” https://aws.amazon.com/emr/. 



 

121 
 

[18] J. Grand, “Practical Secure Hardware Design for Embedded Systems.” [Online]. 

Available: http://www.grandideastudio.com. 

[19] “Amazon EC2.” https://aws.amazon.com/ec2/. 

[20] “Amazon S3.” https://aws.amazon.com/s3/. 

[21] P. Dickinson, “Cloud Computing – The IT Solution for the 21st Century,” 

VERDANTIX, 2011. 

[22] M. G. Xavier, M. V. Neves, F. D. Rossi, T. C. Ferreto, T. Lange, and C. A. F. De 

Rose, “Performance evaluation of container-based virtualization for high 

performance computing environments,” Proc. 2013 21st Euromicro Int. Conf. 

Parallel, Distrib. Network-Based Process. PDP 2013, pp. 233–240, 2013, doi: 

10.1109/PDP.2013.41. 

[23] M. Pradeep and N. Kaur, “GreenComputing – Need and Implementation,” vol. 2, 

no. 3, 2013. 

[24] T. Heath, B. Diniz, E. V Carrera, W. Meira, and R. Bianchini, “Energy 

Conservation in Heterogeneous Server Clusters,” in Proceedings of the Tenth ACM 

SIGPLAN Symposium on Principles and Practice of Parallel Programming, 2005, 

pp. 186–195, doi: 10.1145/1065944.1065969. 

[25] S. Trimi and S.-H. Park, “Green IT: practices of leading firms and NGOs,” Serv. 

Bus., vol. 7, no. 3, pp. 363–379, 2013, doi: 10.1007/s11628-012-0163-9. 

[26] A. Ojo, M. Raman, and A. Downe, “Title: Toward green computing practices: A 

Malaysian study of green belief and attitude among Information Technology 

professionals,” J. Clean. Prod., vol. 224, Mar. 2019, doi: 

10.1016/j.jclepro.2019.03.237. 

[27] K. Jalbert and A. J. Kinchy, “Sense and Influence: Environmental Monitoring Tools 

and the Power of Citizen Science,” J. Environ. Policy Plan., vol. 18, no. 3, pp. 379–

397, 2016, doi: 10.1080/1523908X.2015.1100985. 

[28] M. Cafaro and G. Aloisio, “Grids, Clouds and Virtualization.” [Online]. Available: 

www.springer.com/series/4198. 

[29] X. Peng and Z. Sai, “A Low-Cost Power Measuring Technique for Virtual Machine 



 

122 
 

in Cloud Environments,” Int. J. Grid Distrib. Comput., vol. 6, no. 3, pp. 69–80, 

2013. 

[30] “Hyperscalers’ Carbon Emissions Report by Gartner Inc.” 

https://www.gartner.com/en/newsroom/press-releases/2022-01-24-gartner-predicts-

hyperscalers-carbon-emissions-will-drive-cloud-purchase-decsions-by-2025. 

[31] S. Ibrahim, T. Phan, A. Carpen-Amarie, H.-E. Chihoub, D. Moise, and G. Antoniu, 

“Governing Energy Consumption in Hadoop through CPU Frequency Scaling: an 

Analysis,” Futur. Gener. Comput. Syst., vol. 54, Mar. 2015, doi: 

10.1016/j.future.2015.01.005. 

[32] “Global data center IP traffic from 2013 to 2021.” 

https://www.statista.com/statistics/227295/global-data-center-ip-traffic-growth-by-

segment/. 

[33] A. Strunk and W. Dargie, “Does live migration of virtual machines cost energy?,” 

Proc. - Int. Conf. Adv. Inf. Netw. Appl. AINA, pp. 514–521, 2013, doi: 

10.1109/AINA.2013.137. 

[34] A. Beloglazov, R. Buyya, Y. C. Lee, and A. Zomaya, “A Taxonomy and Survey of 

Energy-Efficient Data Centers and Cloud Computing Systems,” Adv. Comput., vol. 

82, pp. 47–111, Jan. 2011, doi: 10.1016/B978-0-12-385512-1.00003-7. 

[35] M. Hähnel, M. Völp, B. Döbel, and H. Härtig, “Measuring Energy Consumption for 

Short Code Paths Using RAPL,” in ACM SIGMETRICS Performance Evaluation 

Review, Mar. 2012, vol. 40, doi: 10.1145/2425248.2425252. 

[36] L. Sharifi, N. Rameshan, F. Freitag, and L. Veiga, “Energy Efficiency Dilemma: 

P2P-cloud vs. Datacenter,” 2014 IEEE 6th Int. Conf. Cloud Comput. Technol. Sci., 

pp. 611–619, 2014. 

[37] Y. C. Lee and A. Y. Zomaya, “Energy efficient utilization of resources in cloud 

computing systems,” J. Supercomput., vol. 60, no. 2, pp. 268–280, 2012, doi: 

10.1007/s11227-010-0421-3. 

[38] Q. Zhang, M. F. Zhani, S. Zhang, Q. Zhu, R. Boutaba, and J. L. Hellerstein, 

“Dynamic energy-aware capacity provisioning for cloud computing environments,” 

in ICAC’12 - Proceedings of the 9th ACM International Conference on Autonomic 



 

123 
 

Computing, 2012, pp. 145–154, doi: 10.1145/2371536.2371562. 

[39] A.-C. Orgerie and L. Lefèvre, “When Clouds become Green: the Green Open Cloud 

Architecture,” Mar. 2010. 

[40] M. Tulloch, M. DelRe, K. Szall, and K. Atkins, Virtualization Solutions. Microsoft’s 

press, 2010. 

[41] A. Murtazaev and S. Oh, “Sercon: Server Consolidation Algorithm using Live 

Migration of Virtual Machines for Green Computing,” IETE Tech. Rev., vol. 28, no. 

3, pp. 212–231, 2011, doi: 10.4103/0256-4602.81230. 

[42] “VMWare.” http://www.vmware.com/. 

[43] B. Golden and C. Scheffy, “Virtualization for Dummies,” Sun and AM., J. Bingham 

and R. Mengle, Eds. USA: USA: Wiley Publishing, Inc, 2008, pp. 6–12. 

[44] L. Wang et al., “Cloud Computing: a Perspective Study,” New Gener. Comput., vol. 

28, no. 2, pp. 137–146, 2010, doi: 10.1007/s00354-008-0081-5. 

[45] C. Vecchiola, S. Pandey, and R. Buyya, “High-Performance Cloud Computing: A 

View of Scientific Applications.” 

[46] R. Buyya, A. Beloglazov, and J. Abawajy, “Energy-Efficient Management of Data 

Center Resources for Cloud Computing: A Vision, Architectural Elements, and 

Open Challenges,” PDPTA, Mar. 2010. 

[47] “Implementing Energy Efficient Data Centers Revision 1.” 

[48] R. Buyya, C. S. Yeo, S. Venugopal, J. Broberg, and I. Brandic, “Cloud Computing 

and Emerging IT Platforms: Vision, Hype, and Reality for Delivering Computing as 

the 5th Utility,” Futur. Gener. Comput. Syst., vol. 25, no. 6, pp. 599–616, Jun. 2009, 

doi: 10.1016/j.future.2008.12.001. 

[49] C.-M. Wu, R.-S. Chang, and H.-Y. Chan, “A green energy-efficient scheduling 

algorithm using the DVFS technique for cloud datacenters,” Futur. Gener. Comput. 

Syst., vol. 37, pp. 141–147, 2014, doi: https://doi.org/10.1016/j.future.2013.06.009. 

[50] A. Beloglazov and R. Buyya, “Energy efficient resource management in virtualized 

cloud data centers,” CCGrid 2010 - 10th IEEE/ACM Int. Conf. Clust. Cloud, Grid 

Comput., pp. 826–831, 2010, doi: 10.1109/CCGRID.2010.46. 



 

124 
 

[51] A. Soni and M. Dixit, “Study of Energy Efficient Images with Just Noticeable 

Difference Threshold Based on Feature Transform,” Int. J. Trend Sci. Res. Dev., vol. 

Volume-3, pp. 924–927, 2019, doi: 10.31142/ijtsrd23215. 

[52] R. Trobec, M. Depolli, K. Skala, and T. Lipić, “Energy efficiency in large-scale 

distributed computing systems,” in 2013 36th International Convention on 

Information and Communication Technology, Electronics and Microelectronics 

(MIPRO), 2013, pp. 253–257. 

[53] “Google Cloud Platform.” https://cloud.google.com/gcp/. 

[54] “Alibaba Cloud.” https://in.alibabacloud.com/ (accessed Mar. 18, 2022). 

[55] A. Shehabi et al., “United states data center energy usage report,” 2016. 

[56] D. C. Ketankumar, G. Verma, and K. Chandrasekaran, “A Green Mechanism 

Design Approach to Automate Resource Procurement in Cloud,” Procedia Comput. 

Sci., vol. 54, pp. 108–117, 2015, doi: https://doi.org/10.1016/j.procs.2015.06.013. 

[57] K. Le, O. Bilgir, R. Bianchini, M. Martonosi, and T. Nguyen, “Managing the Cost, 

Energy Consumption, and Carbon Footprint of Internet Services,” in ACM 

SIGMETRICS Performance Evaluation Review, Mar. 2010, vol. 38, pp. 357–358, 

doi: 10.1145/1811039.1811085. 

[58] U. Wajid et al., “On Achieving Energy Efficiency and Reducing CO2 Footprint in 

Cloud Computing,” IEEE Trans. Cloud Comput., vol. 4, no. 2, pp. 138–151, 2016, 

doi: 10.1109/TCC.2015.2453988. 

[59] T. Mastelic, A. Oleksiak, H. Claussen, I. Brandic, J.-M. Pierson, and A. V 

Vasilakos, “Cloud Computing: Survey on Energy Efficiency,” ACM Comput. Surv., 

vol. 47, no. 2, Dec. 2014, doi: 10.1145/2656204. 

[60] M. Pantazoglou, G. Tzortzakis, and A. Delis, “Decentralized and Energy-Efficient 

Workload Management in Enterprise Clouds,” IEEE Trans. Cloud Comput., vol. 4, 

no. 2, pp. 196–209, 2016, doi: 10.1109/TCC.2015.2464817. 

[61] X. Xu, W. Dou, X. Zhang, and J. Chen, “EnReal: An Energy-Aware Resource 

Allocation Method for Scientific Workflow Executions in Cloud Environment,” 

IEEE Trans. Cloud Comput., vol. 4, p. 1, 2015, doi: 10.1109/TCC.2015.2453966. 



 

125 
 

[62] V. Cima, B. Grazioli, S. Murphy, and T. M. Bohnert, “Adding energy efficiency to 

Openstack,” in 2015 Sustainable Internet and ICT for Sustainability (SustainIT), 

2015, pp. 1–8, doi: 10.1109/SustainIT.2015.7101358. 

[63] N. Akhter and M. Othman, “Energy Aware Resource Allocation of Cloud Data 

Center: Review and Open Issues,” Cluster Comput., vol. 19, no. 3, pp. 1163–1182, 

Sep. 2016, doi: 10.1007/s10586-016-0579-4. 

[64] T. Kaur and I. Chana, “Energy Efficiency Techniques in Cloud Computing- A 

Survey and Taxonomy,” ACM Comput. Surv., vol. 48, pp. 1–46, 2015, doi: 

10.1145/2742488. 

[65] A. Beloglazov and R. Buyya, “Energy efficient allocation of virtual machines in 

cloud data centers,” CCGrid 2010 - 10th IEEE/ACM Int. Conf. Clust. Cloud, Grid 

Comput., pp. 577–578, 2010, doi: 10.1109/ccgrid.2010.45. 

[66] D. Aikema, A. Mirtchovski, C. Kiddle, and R. Simmonds, “Green Cloud VM 

Migration: Power Use Analysis,” 2012, pp. 1–6, doi: 10.1109/IGCC.2012.6322249. 

[67] M. Bala and Devanand, “Performance evaluation of cloud datacenters using various 

green computing tactics,” in 2015 2nd International Conference on Computing for 

Sustainable Global Development (INDIACom), 2015, pp. 956–961. 

[68] X. Zhang, Z.-Y. Shae, S. Zheng, and H. Jamjoom, “Virtual machine migration in an 

over-committed cloud,” in 2012 IEEE Network Operations and Management 

Symposium, 2012, pp. 196–203, doi: 10.1109/NOMS.2012.6211899. 

[69] J. Shuja et al., “Greening emerging IT technologies: techniques and practices,” J. 

Internet Serv. Appl. 2017 81, vol. 8, no. 1, pp. 1–11, Jul. 2017, doi: 

10.1186/S13174-017-0060-5. 

[70] A. Hammadi and L. Mhamdi, “A survey on architectures and energy efficiency in 

Data Center Networks,” Comput. Commun., vol. 40, pp. 1–21, Mar. 2014, doi: 

10.1016/J.COMCOM.2013.11.005. 

[71] Y. Kessaci, N. Melab, and E. G. Talbi, “An energy-aware multi-start local search 

heuristic for scheduling VMs on the OpenNebula cloud distribution,” Proc. 2012 

Int. Conf. High Perform. Comput. Simulation, HPCS 2012, pp. 112–118, 2012, doi: 

10.1109/HPCSim.2012.6266899. 



 

126 
 

[72] H. Chen, F. Z. Wang, N. Helian, and G. Akanmu, “User-priority guided Min-Min 

scheduling algorithm for load balancing in cloud computing,” 2013 Natl. Conf. 

Parallel Comput. Technol., pp. 1–8, 2013. 

[73] V. Behal and A. Kumar, “Comparative Study of Load Balancing Algorithms in 

Cloud Environment using Cloud Analyst,” Int. J. Comput. Appl., vol. 97, pp. 36–40, 

2014, doi: 10.5120/16974-6974. 

[74] Y. Chen et al., “Stochastic scheduling for variation-aware virtual machine 

placement in a cloud computing CPS,” Futur. Gener. Comput. Syst., vol. 105, p. 

779, Apr. 2020, doi: 10.1016/j.future.2017.09.024. 

[75] S. K. Addya, A. Satpathy, B. C. Ghosh, S. Chakraborty, S. K. Ghosh, and S. K. Das, 

“CoMCLOUD: Virtual Machine Coalition for Multi-Tier Applications over Multi-

Cloud Environments,” IEEE Trans. Cloud Comput., vol. PP, no. AUGUST, p. 1, 

2021, doi: 10.1109/TCC.2021.3122445. 

[76] C.-T. Yang,  jung-chun Liu, K.-L. Huang, and F.-C. Jiang, “A method for managing 

green power of a virtual machine cluster in cloud,” Futur. Gener. Comput. Syst., vol. 

37, 2014, doi: 10.1016/j.future.2014.03.001. 

[77] A. Khosravi, S. K. Garg, and R. Buyya, “Energy and Carbon-Efficient Placement of 

Virtual Machines in Distributed Cloud Data Centers,” in Euro-Par 2013 Parallel 

Processing, 2013, pp. 317–328. 

[78] A. Kansal, F. Zhao, J. Liu, N. Kothari, and A. A. Bhattacharya, “Virtual Machine 

Power Metering and Provisioning,” in Proceedings of the 1st ACM Symposium on 

Cloud Computing, 2010, pp. 39–50, doi: 10.1145/1807128.1807136. 

[79] A. Aryania, H. S. Aghdasi, and L. M. Khanli, “Energy-Aware Virtual Machine 

Consolidation Algorithm Based on Ant Colony System,” J. Grid Comput., vol. 16, 

pp. 477–491, 2018. 

[80] S. Pandey, L. Wu, S. Guru, and R. Buyya, “A Particle Swarm Optimization-Based 

Heuristic for Scheduling Workflow Applications in Cloud Computing 

Environments,” in Proceedings - International Conference on Advanced 

Information Networking and Applications, AINA, 2010, pp. 400–407, doi: 

10.1109/AINA.2010.31. 



 

127 
 

[81] K. Bhatt and M. Bundele, “Review Paper on PSO in workflow scheduling and 

Cloud Model enhancing Search mechanism in Cloud Computing,” IJIET-

International J. Innov.  …, vol. 2, no. 3, pp. 68–74, 2013, [Online]. Available: 

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.360.149&rep=rep1&type

=pdf. 

[82] F. Chen, J. Grundy, Y. Yang, J.-G. Schneider, and Q. He, “Experimental Analysis of 

Task-Based Energy Consumption in Cloud Computing Systems,” in Proceedings of 

the 4th ACM/SPEC International Conference on Performance Engineering, 2013, 

pp. 295–306, doi: 10.1145/2479871.2479911. 

[83] D. Xu, X. Liu, and Z. Niu, “Joint Resource Provisioning for Internet Datacenters 

with Diverse and Dynamic Traffic,” IEEE Trans. Cloud Comput., vol. 5, no. 1, pp. 

71–84, 2017, doi: 10.1109/TCC.2014.2382118. 

[84] S. Garg, C. S. Yeo, A. Anandasivam, and R. Buyya, “Energy-Efficient Scheduling 

of HPC Applications in Cloud Computing Environments,” Mar. 2009. 

[85] A. Noureddine, S. Islam, and R. Bashroush, “Jolinar: analysing the energy footprint 

of software applications (demo),” Mar. 2016, pp. 445–448, doi: 

10.1145/2931037.2948706. 

[86] J. von Kistowski, H. Block, J. Beckett, C. Spradling, K.-D. Lange, and S. Kounev, 

“Variations in CPU Power Consumption,” Mar. 2016, doi: 

10.1145/2851553.2851567. 

[87] T.-D. Le, D. Lo, C. Goues, and L. Grunske, “A learning-to-rank based fault 

localization approach using likely invariants,” Mar. 2016, pp. 177–188, doi: 

10.1145/2931037.2931049. 

[88] “CloudSim.” http://www.cloudbus.org/cloudsim/ (accessed Mar. 18, 2022). 

[89] “AWS Console.” https://console.aws.amazon.com/. 

[90] “OpenStack.” https://www.openstack.org. 

[91] F. Rossigneux, J.-P. Gelas, L. Lefèvre, M. Dias De Assunç, and A. Assunção, “A 

Generic and Extensible Framework for Monitoring Energy Consumption of 

OpenStack Clouds.” [Online]. Available: 

https://wiki.openstack.org/wiki/Ceilometer. 



 

128 
 

[92] F. Rossigneux, L. Lefèvre, J. P. Gelas, and M. D. De Assunção, “A generic and 

extensible framework for monitoring energy consumption of openstack clouds,” 

Proc. - 4th IEEE Int. Conf. Big Data Cloud Comput. BDCloud 2014 with 7th IEEE 

Int. Conf. Soc. Comput. Networking, Soc. 2014 4th Int. Conf. Sustain. Comput. C, 

pp. 696–702, 2014, doi: 10.1109/BDCloud.2014.105. 

[93] “ThrMmt Method.” https://www.javatips.net/api/CS249_Workflow_project-

master/cloudsim-

3.0.1/examples/org/cloudbus/cloudsim/examples/power/random/ThrMmt.java. 

[94] “ThrRs Method.” https://www.javatips.net/api/CS249_Workflow_project-

master/cloudsim-

3.0.1/examples/org/cloudbus/cloudsim/examples/power/planetlab/ThrRs.java. 

[95] “MadMu Method.” https://www.javatips.net/api/CS249_Workflow_project-

master/cloudsim-

3.0.1/examples/org/cloudbus/cloudsim/examples/power/planetlab/MadMu.java. 

[96] “MadRs Method.” https://www.javatips.net/api/CloudSim-

master/modules/cloudsim-

examples/src/main/java/org/cloudbus/cloudsim/examples/power/planetlab/MadRs.ja

va (accessed Mar. 18, 2022). 

 

  



 

129 
 

List of Publications 

 
The publication detail for the work is as below: 
 

[1] Hitesh A. Bheda, Chirag S. Thaker and Darshan B. Choksi, “Performance 

Enhancement and Reduce Energy Consumption with Load Balancing Strategy in 

Green Cloud Computing”, Progress in Advanced Computing and Intelligent 

Engineering. Advances in Intelligent Systems and Computing, Springer, Singapore, 

Vol 1299, pp. 585-597, 2021. Print ISBN: 978-981-33-4298-9; Online ISBN: 978-

981-33-4299-6; https://doi.org/10.1007/978-981-33-4299-6_48 

[2] Hitesh Bheda, Chirag Thaker and Sanjay Shah, “An Optimized VM Placement 

Approach to Reduce Energy Consumption in Green Cloud Computing”, In 

Proceedings of the International Conference on Data Science, Machine Learning and 

Artificial Intelligence, August 9-12, 2021, Windhoek, Namibia. ACM (Association for 

Computing Machinery), New York, NY, USA, pp. 130-135, ACM ISBN 978-1-4503-

8763-7/20/06; https://doi.org/10.1145/3484824.3484894  

[3] Hitesh A. Bheda, Chirag S. Thaker, Sanjay M. Shah, Darshan B. Choksi, “VM 

Relocation based Energy Reduction in Green Cloud Computing”, Journal of Xidian 

University, Vol. 14, Issue 7, pp. 74-78, 2020. ISSN: 1001-2400 

 

 


