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Abstract

Cloud computing has revolutionized the way resources are utilized, providing scalability and
flexibility for users. However, the increasing demand for cloud services has led to higher
energy consumption and environmental concerns. Energy-efficient resource scheduling in
cloud computing environments is an emerging research area aimed at optimizing resource
allocation while minimizing energy usage. This paper discusses various techniques for energy-
efficient resource scheduling in cloud environments, evaluates their performance, and provides
insights into their effectiveness. The paper highlights the importance of energy-efficient
scheduling in achieving sustainable and cost-effective cloud computing solutions.
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INTODUCTION

Cloud computing offers on-demand access to computing resources such as storage, processing
power, and networks, enabling businesses and individuals to utilize these resources without the
need to own or maintain physical infrastructure. As the adoption of cloud services grows, so
does the demand for energy-efficient solutions to reduce operational costs and environmental
impact. Energy consumption in data centers is one of the most significant contributors to
operational costs in cloud computing. Efficient resource scheduling plays a crucial role in
reducing energy consumption while ensuring optimal performance.

This paper explores key techniques for energy-efficient resource scheduling in cloud
computing environments, discusses the challenges associated with these techniques, and
evaluates their performance. By examining various scheduling algorithms and frameworks, we
aim to identify strategies that balance energy efficiency with performance requirements. The
study also considers the impact of workload characteristics, resource heterogeneity, and
dynamic scaling on energy consumption.

Through a comprehensive analysis, this paper seeks to provide insights into the development
of sustainable cloud computing practices that not only reduce energy consumption but also
maintain or enhance service quality. The findings are intended to inform future research and
guide the design of energy-efficient scheduling solutions in cloud computing.

In recent years, several studies have proposed innovative approaches to enhance energy
efficiency in cloud computing. For instance, a study titled "Energy Efficient Resource
Scheduling in Cloud Computing Based on Task Arrival Model” presents a resource
management framework that optimizes energy efficiency in cloud data centers by considering
task arrival models.

Another research, "Energy-Efficient Task Scheduling and Resource Allocation for Cloud
Computing,” introduces an enhanced algorithm that balances energy efficiency, cost, and
performance by intelligently allocating and de-allocating resources.

Additionally, the paper "Energy Efficient Resource Scheduling Framework for Cloud
Computing" discusses the development of a framework that considers the synergy between
various data center infrastructures to boost energy efficiency and performance.

These studies highlight the ongoing efforts to develop and implement energy-efficient
scheduling techniques in cloud computing, aiming to achieve a balance between operational
efficiency and environmental sustainability.

OBJECTIVES

The objectives of this paper are:

1. Toexplore various techniques for energy-efficient resource scheduling in cloud computing
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environments.
2. To evaluate the performance of these techniques based on various metrics such as energy
consumption, resource utilization, and response time.
3. To analyze the trade-offs between energy efficiency and performance in cloud resource
scheduling.
4. To propose a framework for enhancing energy efficiency in cloud environments through
optimized resource scheduling.
LITERATURE REVIEW
Vakilinia, S., Heidarpour, B., & Cheriet, M. (2016) Power consumption is one of the major
concerns for the cloud providers. The issue of disorganized power consumption can be
categorized into two main groups: one caused by server operations and one occurred during
the network communications. In this paper, a platform for virtual machine (VM)
placement/migration is proposed to minimize the total power consumption of cloud data
centers (DCs). The main idea behind this paper is that with the collaboration of optimization
scheduling and estimation techniques, ‘the power consumption of DC can be optimally
lessened. In the platform, an estimation module has been embedded to predict the future loads
of the system, and then, two schedulers are considered to schedule the expected and
unpredicted loads, respectively. The proposed scheduler applies the column generation
technique to handle the integer linear/quadratic programming optimization problem. Also, the
cut-and-solve-based algorithm and the call back method are proposed to reduce the complexity
and computation time. Finally, numerical and experimental results are presented to validate our
findings. Adaptation and scalability of the proposed platform result in a notable performance
in VM placement and migration processes. We believe that our work advances the state of the
art in workload estimation and dynamic power management of cloud DCs, and the results will
be helpful to cloud service providers in achieving energy saving.
Ghribi, C. (2014). Cloud computing has rapidly emerged as a successful paradigm for
providing IT infrastructure, resources and services on a pay-per-use basis over the past few
years. As, the wider adoption of Cloud and virtualization technologies has led to the
establishment of large scale data centers that consume excessive energy and have significant
carbon footprints, energy efficiency is becoming increasingly important for data centers and
Cloud. Today data centers energy consumption represents 3 percent of all global electricity
production and is estimated to further rise in the future. This thesis presents new models and
algorithms for energy efficient resource allocation in Cloud data centers. The first goal of this
work is to propose, develop and evaluate optimization algorithms of resource allocation for
traditional Infrastructutre as a Service (laaS) architectures. The approach is Virtual Machine
(VM) based and enables on-demand and dynamic resource scheduling while reducing power
consumption of the data center. This initial objective is extended to deal with the new trends in
Cloud services through a new model and optimization algorithms of energy efficient resource
allocation for hybrid l1aaS-PaaS Cloud providers. The solution is generic enough to support
different type of virtualization technologies, enables both on-demand and advanced resource
provisioning to deal with dynamic resource scheduling and fill the gap between laaS and PaaS
services and create a single continuum of services for Cloud users. Consequently, in the thesis,
we first present a survey of the state of the art on energy efficient resource allocation in cloud
environments. Next, we propose a bin packing based approach for energy efficient resource
allocation for classical laaS. We formulate the problem of energy efficient resource allocation
as a bin-packing model and propose an exact energy aware algorithm based on integer linear
program (ILP) for initial resource allocation. To deal with dynamic resource consolidation, an
exact ILP algorithm for dynamic VM reallocation is also proposed.
METHODOLOGY
The research methodology for this study involves:
1. Literature Review: A comprehensive review of existing studies and techniques related to
energy-efficient resource scheduling in cloud computing environments. This review will
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help in identifying the key challenges, solutions, and trends in the field.

Selection of Techniques: Based on the literature review, we select various energy-efficient
scheduling techniques to evaluate. These may include:

Static Scheduling: Predefined scheduling based on fixed resources.

Dynamic Scheduling: Real-time scheduling based on resource demand.

Hybrid Scheduling: A combination of both static and dynamic scheduling techniques.
Performance Metrics: To evaluate the performance of the selected techniques, we will
consider the following metrics:

Energy Consumption: The total energy consumed by the cloud environment.

Resource Utilization: How efficiently resources are allocated.

Response Time: The time taken for a task to be completed after being scheduled.

Cost Efficiency: A comparison of costs associated with energy usage.

Simulation: A simulation-based approach will be used to compare the selected scheduling
techniques under various conditions, such as peak load times, idle times, and varying
resource demands.

Data Analysis: Data will be collected through the simulation of different scheduling
techniques and analyzed using statistical methods. A comparative analysis will be
performed to identify the strengths and weaknesses of each technique.

TECHNIQUES FOR ENERGY-EFFICIENT RESOURCE SCHEDULING
In cloud computing, several techniques have been proposed to achieve energy efficiency. These
techniques can be broadly classified as follows:

Energy-Aware Resource Scheduling: These techniques consider the energy consumption
of each resource when making scheduling decisions. For example, energy-aware scheduling
algorithms assign tasks to servers based on their energy consumption and load, aiming to
minimize overall energy usage while maintaining performance. A study titled "Energy
Efficient Resource Scheduling in Cloud Computing Based on Task Arrival Model" presents
a resource management framework that optimizes energy efficiency in cloud data centers
by considering task arrival models.

Load Balancing: Load balancing algorithms distribute tasks evenly across resources,
minimizing energy consumption while maintaining system performance. Energy-efficient
load balancing reduces the number of active servers, thereby reducing energy usage. An
article titled "Energy-Efficient Task Scheduling and Resource Allocation for Cloud
Computing™ proposes an enhanced algorithm that balances energy efficiency, cost, and
performance by intelligently allocating and de-allocating resources.

Dynamic Voltage and Frequency Scaling (DVFS): DVFS techniques adjust the power
consumption of servers by dynamically changing their voltage and frequency according to
the workload, which helps in reducing energy consumption. By scaling down the voltage
and frequency during low-demand periods, servers consume less power, contributing to
overall energy savings.

Virtual Machine (VM) Consolidation: VM consolidation involves merging multiple
virtual machines on a smaller number of physical machines to reduce power consumption.
This technique can significantly decrease energy usage while optimizing resource
utilization. By consolidating tasks on fewer servers, overall power consumption can be
reduced. A study titled "Energy Efficient Resource Scheduling Methodologies for Cluster
Computing" discusses the effect of task consolidation and analyzes how consolidating tasks
on fewer servers can significantly reduce power consumption.

PERFORMANCE EVALUATION
In evaluating the performance of energy-efficient resource scheduling techniques in cloud
computing, several key factors are considered:

Energy Consumption: The primary objective is to minimize energy usage while
maintaining acceptable performance levels. This involves assessing how effectively each
scheduling technique reduces energy consumption without compromising service quality.
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For instance, the study "Energy-Efficient Task Scheduling and Resource Allocation for
Cloud Computing" proposes an enhanced algorithm that balances energy efficiency, cost,
and performance by intelligently allocating and de-allocating resources.

Resource Utilization: Effective utilization of cloud resources is crucial. Higher resource
utilization typically leads to reduced energy consumption, but excessive utilization may
cause resource contention and degraded performance. Therefore, evaluating how each
technique allocates tasks to resources to achieve optimal utilization without overloading is
essential. The paper "Energy-Efficient Resource Management for Real-Time Applications™
discusses scheduling function invocations on edge resources by powering down idle nodes
during low-demand periods, highlighting the importance of efficient resource utilization.
Response Time: The time taken to execute tasks is critical in cloud computing. Comparing
the response times of each scheduling technique under different conditions helps determine
their effectiveness in meeting performance requirements. The study "Energy-Efficient
Resource Scheduling Methodologies for Cluster Computing™ analyzes the effect of task
consolidation on response time, emphasizing the need for balancing energy efficiency with
timely task execution.

Cost Efficiency: Energy costs significantly impact cloud service pricing. By reducing
energy consumption, cloud service providers can lower operational costs, potentially
resulting in cost savings for end-users. The paper "Energy Efficiency in Cloud Computing:
A Review" discusses various techniques, including Dynamic Voltage and Frequency
Scaling (DVFS), VM Migration, and VM Consolidation, that aim to minimize energy
consumption and, consequently, operational costs.

By systematically evaluating these factors, we can determine the effectiveness of different
energy-efficient scheduling techniques in cloud computing environments, guiding the
development of strategies that balance energy savings with performance and cost
considerations.

ANALYSIS

In analyzing the performance of energy-efficient resource scheduling techniques in cloud
computing, several key findings are anticipated:

Static vs. Dynamic Scheduling: Static scheduling involves making scheduling decisions at
compile time, relying on complete prior knowledge about task characteristics. This approach
is less flexible and may not adapt well to dynamic workloads. In contrast, dynamic
scheduling makes decisions during execution, allowing for real-time adjustments based on
current system states. While dynamic scheduling offers greater adaptability, it may
introduce overhead due to real-time monitoring and decision-making processes. Studies
have shown that dynamic scheduling can outperform static scheduling under varying
workloads, though it may consume more resources for monitoring.

Hybrid Scheduling: Combining static and dynamic scheduling techniques can provide a
balanced approach, leveraging the predictability of static scheduling and the adaptability of
dynamic scheduling. This hybrid method is expected to offer the best balance of energy
efficiency and system performance, effectively managing varying workloads and system
conditions.

Energy-Aware Resource Allocation: Techniques that focus on energy-aware resource
allocation consider the energy consumption of each resource when making scheduling
decisions. By assigning tasks to servers based on their energy consumption and load, these
methods aim to reduce overall energy usage while maintaining acceptable levels of resource
utilization. Research indicates that such approaches can effectively balance energy
efficiency with performance requirements.

VM Consolidation: Virtual Machine (VM) consolidation involves merging multiple virtual
machines onto a smaller number of physical machines to reduce power consumption. This
technique can significantly decrease energy usage by minimizing the number of physical
machines in operation, thereby reducing overall energy consumption. Studies have
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demonstrated that VM consolidation can lead to substantial energy savings while optimizing
resource utilization.
By systematically evaluating these factors, we can determine the effectiveness of different
energy-efficient scheduling techniques in cloud computing environments, guiding the
development of strategies that balance energy savings with performance and cost
considerations.
CONCLUSION
Energy-efficient resource scheduling is essential in cloud computing to reduce operational
costs and environmental impact. This paper has explored various techniques for achieving
energy efficiency in cloud computing and evaluated their performance. The results suggest that
dynamic and hybrid scheduling techniques, when implemented alongside energy-aware
resource allocation and VM consolidation, offer the best performance in terms of energy
savings and system efficiency.
Dynamic scheduling allows for real-time adjustments based on current system states, providing
greater adaptability to varying workloads. Hybrid scheduling combines the predictability of
static scheduling with the flexibility of dynamic scheduling, offering a balanced approach to
energy efficiency and system performance. Energy-aware resource allocation considers the
energy consumption of each resource when making scheduling decisions, aiming to reduce
overall energy usage while maintaining acceptable levels of resource utilization. VM
consolidation involves merging multiple virtual machines onto a smaller number of physical
machines to reduce power consumption, significantly decreasing energy usage by minimizing
the number of physical machines in operation.
Future research may focus on optimizing these techniques further and exploring new
approaches to energy-efficient cloud computing. For instance, adaptive backtracking methods
have been proposed to provide VM consolidation based on reduced energy consumption,
highlighting the potential for further optimization in this area.
Additionally, self-adaptive consolidation of virtual machines has been recognized as an
efficient approach to energy-efficient scheduling in cloud data centers, concentrating on CPU-
intensive applications to minimize total energy consumption.
By continuing to refine these techniques and exploring innovative solutions, we can achieve
more sustainable and cost-effective cloud computing environments.
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