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Abstract
The global warming is the greatest environmental challenge 
today that is the resultant of the carbon emissions. As the result, 
Energy crisis occurs which leads to the green computing.  Green 
computing requires algorithms and techniques that are needed to 
be redesigned so that we can have energy efficient systems. The 
growing need to reduce the energy consumption by large-scale data 
centers which are used for banking, retail commerce, and gaming 
services is being faced by the entire world. The proposed approach 
leads to the better results in making the complete cloud computing 
resources more energy efficient and economic by using ECTC 
and Maxutil algorithm in local environment and then comparing 
it with the one in cloudsim. Finally, the cloud simulator is used to 
analyze Performance on server as well as the cloudsim and show 
how concepts from approximation theory can be used to further 
reduce the computational burden of energy efficiency.
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I. Introduction 
Energy consumption has become an important issue for IT 
infrastructure. The growing market for large distributed computing 
platforms, so-called clouds, has put an increasing demand on 
servers and data centers. However, customers growing demands for 
computing power are now facilitating the cloud service providers 
(e.g. Rackspace) to deploy increasing amounts of large-scale data 
centers [9]. This number has been estimated to be doubled by 
the year 2010. The high consumption is not only a burden for 
the environment, but the cost for running servers is becoming a 
considerable factor from an economic standpoint. As a result, the 
development of more energy efficient solutions has become an 
even more popular research topic within the industry.
The issue of energy consumption in information technology 
equipment has been receiving increasing attention in recent years 
and there is growing recognition of the need to manage energy 
consumption across the entire Information and Communications 
Technology (ICT) sector [23]. High cost of energy bills and huge 
carbon footprints are engulfed due to huge amounts of electricity 
needed for the power supply and for cooling many servers of 
these data centers.  Some measures must be adopted to ensure 
that the estimated profit of the cloud providers do not reduce due 
to high power consumption. Large corporations can save at least 
30-60percent in carbon emissions using Cloud applications, and 
mid-size businesses can save60-90 percent [26].The worldwide 
governments are also increasing pressure for reducing the carbon 
footprints so as to make an impact on the climate. According to a 
report published by the European Union, a decrease in emission 
volume of 15%–30% is required before year 2020 to keep the 
global temperature increase below 20 °C [26].
Green computing, or green IT, aims to attain economic viability 
and improve the way computing devices are used. Green IT 
practices include the development of environmentally sustainable 
production practices, energy efficient computers and improved 

disposal and recycling procedures [17]. According to market 
research conducted by Pike Research, the wide-spread adoption 
of cloud computing could lead to a potential 38% reduction in 
worldwide data center energy expenditures by 2020 [17]. The 
estimated energy consumption is more than double from what 
was consumed by IT in 2000 [3]. These are very serious issues. 
Moreover, under current efficiency trends, the energy consumption 
tends to double again by 2011, resulting in 7.4 billion dollars 
annually [3].
There are three main approaches that are being used in order make 
cloud computing environments more environmental friendly.

A. Dynamic Voltage Frequency Scaling Technique 
(DVFS)
Every electronic circuitry will have an operating clock associated 
with it. The operating frequency of this clock is adjusted so that 
the supply voltage is regulated. Thus, this method heavily depends 
on the hardware and is not controllable according to the varying 
needs.

B. Resource Allocation or Virtual Machine Migration 
Techniques
In a cloud computing environment, every physical machine hosts 
a number of virtual machines upon which the applications are 
run. These virtual machines can be transferred across the hosts 
according to the varying needs and available resources.

C. Algorithmic Approaches 
It has been experimentally determined that an ideal server consumes 
about 70% of the power utilized by a fully utilized server. Using 
a neural network predictor, the green scheduling algorithms first 
estimates required dynamic workload on the servers.

1. Green Cloud Architectural Elements 
The main aim is to address the problem of energy-efficient resource 
allocation, hence leading to Green Cloud computing data centers 
and to satisfy client applications, demand for services and also 
save energy. Figure1.8 shows the architecture of energy-efficient 
service allocation in Green Cloud computing infrastructure. The 
basic four main elements are involved as follows:

(i). Consumers/Brokers
Cloud consumers or their brokers submit service requests from 
anywhere in the world to the Cloud. It is important to notice that 
there can be a difference between Cloud consumers and users of 
deployed services. 

(ii). Green Resource Allocator
It acts as the interface between the Cloud infrastructure and 
consumers. It requires the interaction of the following components 
to support energy-efficient resource management: 

(a). Green Negotiator
Negotiates with the consumers/brokers to finalize the SLA with 
specified prices and penalties (for violations of SLA) between 
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the Cloud provider and consumer depending on the consumer’s 
QoS requirements and energy saving schemes. In case of Web 
applications, for instance, QoS metric can be 95% of requests 
being served in less than 3 seconds. 

(b). Service Analyzer
Interprets and analyses the service requirements of a submitted 
request before deciding whether to accept or reject it. Hence, it 
needs the latest load and energy information from VM Manager 
and Energy Monitor respectively. 

(c). Service Scheduler
Assigns requests to VMs and determines resource entitlements 
for allocated VMs. It also decides when VMs are to be added or 
removed to meet demand.

(d). VM Manager
Keeps track of the availability of VMs and their resource 
entitlements. It is also in charge of migrating VMs across physical 
machines.

(e). Accounting
Maintains the actual usage of resources by requests to compute 
usage costs. Historical usage information can also be used to 
improve service allocation decisions. 

(iii) VMs
Multiple VMs can be dynamically started and stopped on a single 
physical machine to meet accepted requests, hence providing 
maximum flexibility to configure various partitions of resources 
on the same physical machine to different specific requirements 
of service requests.

II. Methodology 
Input - Required parameters for cloudlets and virtual machines 
are taken from user. 
Output - VM and cloudlet mapping is provided along with power 
consumption 

 Input the required 
parameters from the user 

ECTC algorithm is applied 
without cloudsim 

MAXUTIL algorithm is 
implemented without 

cloudsim 

Both the algorithms are 
compared in cloudsim 

Output optimized vm and 
cloudlet mapping along with 

power consumption 

Fig. 1: Methodology

A. Task Consolidation Algorithms
The task consolidation that is also known as server/workload 
consolidation problem is the process of assigning a set of n tasks 
(that can be service requests or simply services) to a set of m 
cloud computing resources, without violating time constraints 
[22]. The main purpose remains to maximize resource utilization 
and ultimately to minimize energy consumption [22]. Task 
consolidation is a significant means to manage resources effectively 
in clouds both in the short and long terms. There are two energy-
conscious task consolidation algorithms, ECTC and MaxUtil. 
They share many common features and many differences also

III. Algorithm Description 
Both ECTC and MaxUtil follow similar steps with the main 
difference of their cost functions. These two heuristics checks 
every resource and identifies the most energy-efficient resource 
for a given task. The most energy-efficient resource is evaluated 
on the basis of the cost function employed by the heuristic. For a 
resource ri at any given time, the utilization Ui is defined as:

     (1)
Where n is the number of tasks running at that time and ui,j is the 
resource usage of a task tj[22]. The energy consumption Ei of a 
resource ri at any given time is defined as

   (2)
Where pmax is the power consumption at the peak load (or100% 
utilization) and pmin is the minimum power consumption in the 
active mode (or as low as 1 % utilization) 22].The actual energy 
consumption of the current task is computed by the cost function 
of ECTC, by subtracting the minimum energy consumption (pmin) 
which is required to execute a task with respect to other parallel 
executed tasks. The value fi,j of a task tj on a resource r iis obtained 
using the cost function of ECTC that is defined as:

 (3)
Where p is the difference between pmax and pmin, uj is the 
utilization rate of tj, and τ0, τ1 and τ2 are the total processing 
time of tj, the time period tj is running alone and that tj is running 
in parallel with one or more tasks, respectively. The meaning 
behind this function is that at the lowest utilization, the energy 
consumption is far greater than at idle time and the additional 
energy consumption done by overlapping the tasks also contributes 
less increase.
Another cost function of MaxUtil aims to increase consolidation 
density. The advantage of MaxUtil is energy consumption is 
reduced and it implicitly reduces the number of active resources 
as its motive is to increase the utilization of a small number of 
resources compared with ECTC’s cost function. The value fi,j 
of a task tj on a resource ri using the cost function of MaxUtil 
is defined as:

     (4)
The energy consumption can be significantly reduced while 
consolidating the tasks instead of being executed stand alone. As 
the result, the two heuristics reduce energy consumption without 
any degradation in the performance while assigning a given task 
to the resource. The main idea of the proposed model being to 
execute the task on the optimal Energy-efficient resource.
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IV. Performance Analysis and Experimental Evaluation
Now to run the project in cloudsim environment, the Main.java 
class above can be executed in the application on java console. 
The Load balancer.java class file is the main class file which will 
help you to run the overall application on server with cloudsim 
jars. Then the next step is to set the server. And then click on finish. 
The next step is to set the build path. Click on Add Library and 
select Server Runtime. Select Apache tomcat library. And click 
on finish. Run the project now.

Fig. 1: Executing the ECTC Algorithm

Table 1: ECTC Algorithm Only Using Cloudsim

Task(ti) Arrival 
time Processing time Utilization

0 0 10 54.52
1 9 3 91.59
2 16 7 23.82
3 20 8 78.22
4 20 0 16.83

Fig. 2: Executing the Maxutil Algorithm

Table 2:.MAXUTIL Algorithm Only Using Cloudsim
Task(ti) Arrival time Processing time Utilization
0 0 10 36.69
1 8 3 41.94
2 9 9 69.0
3 13 1 86.80
4 21 6 35.113

Now after the modification in the ECTC and MAXUTIL algorithm, 
outputs are:

Fig 3: Executing the Mdified ECTC Algorithm

Table 3: Modified ECTC Using Cloudsim
Task(ti) Arrival time Processing time Utilization
0 0 10 36.69
1 8 3 41.94
2 9 9 69.01
3 13 1 86.80
4 21 6 35.113

Fig. 4: Executing the Mdified Maxutil Algorithm

Table 4: Modified MAXUTIL Using Cloudsim
Task(ti) Arrival time Processing time Utilization
0 0 10 51.14
1 3 7 99.43
2 9 0 21.17
3 11 3 73.84
4 11 2 74.39

The complete results is obtained from the extensive simulations 
that is cloudsim along with eclipse and then are Summarized 
in Table and results for different resource usage Patterns are 
presented. So in this way the power consumption can be controlled 
r reduced by increasing the utilization.
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VI. Conclusion
This thesis have concluded that the proposed approach leads 
to the better results in making the complete cloud computing 
resources more energy efficient and economic by using ECTC 
and Maxutil algorithm in local environment and then comparing 
it with the one in cloudsim. In clouds, the Task consolidating 
algorithms has become a significant approach for the resource 
utilization and reduction in the energy efficiency. Due to this 
fact, resource Utilization is directly proportional to the energy 
consumption; it has successfully modeled the relationship and 
developed heuristics.
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