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Abstract
The increasing demand of cloud infrastructure has severely 
increased the energy consumption of datacenters, which has become 
a critical issue. High energy consumption not only results in high 
operational costs, but also leads to high CO2 emissions which 
contribute to growing environmental issue of global warming 
significantly. In this paper, we proposed a scheduling algorithm 
for the cloud datacenter with dynamic voltage frequency scaling 
technique. And we simulated it by Green Cloud Simulator. Our 
proposed method can efficiently maximize the resource utilization 
and results in significant reduction in power consumption for 
executing the jobs. Experimental results show that our proposed 
scheme reduces more energy consumption than Non DVFS 
scheme.
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I. Introduction
There is an alarming rise in usage of high speed networks in 
concurrent e-commerce transactions and millions of Web queries a 
day. This ever-increasing demand is handled by datacenters at large 
scale, which integrated hundreds and thousands of servers with 
other infrastructure such as network systems, storage, cooling. 
The internet companies like, Amazon, Google, Yahoo and eBay 
are operating such type of huge datacenters in the world. Cloud 
computing [1-2] is a current advancement where applications 
and IT infrastructure are provided as ‘services’ on a usage based 
payment model. There are many issues in Cloud computing such 
as Virtual Machine Migration, Server Consolidation, Automated 
Service Provisioning, 
Energy Management, Data Security, etc. that have not been 
fully addressed. Central to above mentioned issues is the Energy 
Management. There is a rapid expansion in data centers, because 
of the exponential growth of the Cloud computing. This expansion 
has caused the dramatic increase in energy used and its effect on the 
environment in terms of the footprints of carbon. And to reduce the 
power consumption, it is required to develop some energy efficient 
solutions. Green Computing [3], or Green IT, is the practice of 
implementing policies and procedures that improve the efficiency 
of computing resources in such a way as to reduce the energy 
consumption and environmental impact of their utilization [4,5]. 
There is a Green Cloud architecture [6] rising from those trends 
leading, not only to energy efficiency, but also carbon emission 
aware concept. In order to reduce energy consumption we have 
build a greener environment. 
The primary objective of this research work is to consolidate the 
Dynamic Voltage Frequency Scaling (DVFS) technique in an 
efficient way to maximize the resource utilization and minimize 
energy consumption of the datacenters which will result in the less 
number of carbon footprints and thus will help more in achieving 
Green Computing.  Following tasks must be done to achieve the 
primary objective: 

To optimize the performance of various techniques that is • 
both the homogeneous and heterogeneous workloads.
To design and implement algorithm for Dynamic Voltage • 
Frequency Scaling technique using the Cloud Simulator. 
Cloud Simulator is developed as an extension of a packet-
level network simulator Ns2 [7]. Unlike few existing cloud 
computing simulators such as CloudSim [8] or MDCSim 
[9], GreenCloud extracts, aggregates, and makes information 
about the energy consumed by computing and communication 
elements of the data center available in an unprecedented 
fashion.

II. Related Work
Datacenters that host Cloud applications consume enormous 
amounts of energy [5], and hence result in high operational 
costs and carbon footprints to the environment so we need 
the Green computing solutions that can not only save energy 
for the environment but also help in reducing the operational 
costs. Energy–aware tools [10] are the solutions that allow the 
minimization of the power consumption in data center. The three 
common energy aware tools are ON/OFF method, migration 
mechanisms and Dynamic Voltage Frequency Scaling (DVFS). 
Different method that helps in reducing the energy consumption 
has been proposed.
In [11] A Green Cloud Architecture is proposed, whose objective 
is to reduce the datacenter power consumption. It offers the 
features like online monitoring, live virtual machine migration, 
and optimization of VM placement. And the proposed Green Cloud 
Architecture can save up to 27% of the energy.
The research presented in [12] addresses the task scheduling 
problem on Heterogeneous Computing Systems (HCSs). Y.C. 
Lee et al. have proposed the scheduling heuristic (ECS) which are 
energy-conscious and help in reducing the energy consumption 
for high-performance computing systems. The energy reduction 
phase in the ECS uses the makespan-conservative energy reduction 
technique (MCER) to decrease the energy consumed by jobs. In 
this work authors has not considered the resource utilization.
In [13] for the efficient management of datacenters energy-aware 
resource allocation policies are presented. These are Single 
Threshold (ST) Policy, Minimization of Migrations (MM) Policy, 
Highest Potential Growth (HPG) policy, Random Choice (RC) 
policy. These proposed policies improve  the energy efficiency 
of the datacenter but their method has to sacrifice system 
performance.
In [14] Maximum and Minimum Frequencies DVFS (MMF-DVFS) 
algorithm is presented. In this paper, Rizvandi et al. have proposed 
an optimal energy consumption formula. The linear combination 
of the maximum and minimum processor frequencies is used 
to consider the optimal energy consumption. But the proposed 
method can operate only in the homogeneous computing systems. 
This method improved the system performance and achieved up 
to 26% energy saving. 
Rajkumar Buyya et al. in [6] have proposed a Green Cloud 
Framework. In this framework a user request consists of an 
application, its estimated length in terms of time and the number of 
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resources needed. These requests are submitted to the Green broker 
who acts as an interface to the Cloud infrastructure and schedules 
applications on behalf of users. The Green Broker interprets and 
analyzes the service requirements of a submitted application and 
decides where to execute it. As discussed, Green Broker’s main 
objective is to schedule applications such that the CO2 emissions 
are reduced and the profit is increased, while the Quality of Service 
(QoS) requirements of the applications are also met. As Cloud 
data centers are located in the different geographical regions, and 
depending on regional constraints they have different energy costs 
and carbon dioxide (CO2) emission rates. Each datacenter is itself 
responsible for updating this information to the Carbon Emission 
Directory for facilitating the energy-efficient scheduling. They 
achieved up to 20 % saving in energy consumption.
In [15] a green energy-efficient scheduling algorithm for cloud 
datacenter is proposed which makes the use of priority job 
scheduling for Cloud computing. In this paper the proposed 
method can work for both homogeneous and heterogeneous 
workload. The proposed method can satisfy the minimum resource 
requirement of a job and prevent the excess use of resources. 
Hence, the proposed method increases the resource utilization, and 
so it can decrease the energy consumption for executing jobs. This 
method can reduce the energy consumption of a server when it is 
in the idle mode or the light workload. And the proposed method 
losing light performance while execution of jobs. This achieved 
up to 25% energy saving.
In this paper we are proposing a scheduling algorithm with DVFS 
and simulated it with Green cloud simulator to show that our 
method is efficient in reducing the energy consumption in moderate 
and heavy workload without losing performance of the system. 
Our proposed method achieves up to 28% energy saving.

III. Proposed Work

A. Problem Model
In Cloud computing, a datacenter can have many heterogeneous 
servers. Every server is associated with different hardware like 
processor, hard disk, RAM. For reducing energy consumption, 
each server can adjust its work frequency according to workloads. 
Dynamic frequency scaling [16] (also known as CPU throttling) 
is a method in computer architecture. By this the frequency of 
a processor can be adjusted automatically “on the fly,” either to 
save power or to decrease the amount of heat produced by the 
chip. In turn, less heat output allows the cooling fans of system 
to be throttled down or to be turned off; this in turn reduces the 
noise levels and further reduces the power consumption. Dynamic 
voltage scaling is the another power saving method  that is mostly 
used in conjunction with frequency scaling, because the frequency 
at which a chip may run  is related to the operating voltage. Dynamic 
Voltage Frequency Scaling (DVFS) is a technique to reduce the 
power and energy consumption of processors. Decreasing only the 
operating frequency can reduce the power consumption but energy 
consumption remains the same as the computation needs more 
time to finish. Abating the supply voltage V can help in reducing 
a significant amount of energy because there is quadratic relation 
between power and V as shown in following Equation:
P= C*V2*F                                       (1)
Decreasing the supply voltage and operating frequency decreases 
the power and energy consumption further. When the frequency 
f is reduced by half, this decreases the processor’s power 
consumption and still allows task to complete by deadline, and 
the energy consumption remains the same. Moreover reducing the 

voltage level V by half reduces the power level further without 
any corresponding increment in the execution time. It results in 
reducing the energy consumption by significant amount, but the 
appropriate performance is still remained same. 

B. System Architecture
The Proposed system architecture consists of job submission, 
Scheduling Algorithm, VM Manager, Servers and VMs, and the 
DVFS Controller. 

Fig. 1: System Architecture

A user submits the job to VM Manager. VM manager creates the 
required VMs from relative servers and deploys the job on these 
VMs assigned by Scheduling Algorithm. Process of Scheduling 
Algorithm is explained later. DVFS controller sets the applicable 
supplies of voltages and frequencies to servers according to their 
needs.

C. Proposed Scheme
The following steps are followed:

1. Cloud Infrastructure Development
Cloud Simulator developed in NS-2 will be used for creating Cloud 
infrastructure. This gives information regarding  energy consumed 
by the different components of the data center and  workload 
distributions. Ns2 network simulator [7] is coded in C++ and uses 
OTcl libraries. We call it as packet level simulator, as when a data 
message has to be transmitted between simulator entities then a 
packet structure with its protocol headers is allocated in the memory 
and all the associated protocol processing is performed.

2. VM Node Creation
During Node creating in Simulated environment various parameters 
are taken in consideration such as number of servers, network 
topology,  number of concurrent users, simulation time, and other 
parameters defended in the next chapter.

3. Evaluation Without DVFS Algorithm
In this step we calculate the total Energy consumed by all 
components of datacenter ,  load on datacenter, average load per 
server, average load per VM,  total  number of task submitted to 
VM Manager, etc. 

4. Calculate Using DVFS Algorithm
Now we do the same calculations as mentioned in step 3 by using 
Dynamic Voltage Frequency Scaling (DVFS. 
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5. Evaluation of Results
After the energy consumption is calculated the graph will be drawn 
and as per graph readings the different metrics can be calculated 
and can be compared with Non DVFS technique.

D. Process of Scheduling Algorithm
On receiving the submitted task scheduling algorithm explores the 
available servers provisioned by the VM manager to scheduling 
algorithm and selects the servers according to the requirements of 
the task to create virtual machines. Then weight is evaluated for 
every selected VM by scheduling algorithm and then scheduling 
algorithm organize them in increasing order of weight. And then 
allocate the particular virtual machine to task according to demand 
of task. If the requirement of the task submitted is not satisfied by 
the assigned virtual machine and there is another virtual machine 
existing, then successive virtual machine is allocated to the task. 
If still the requirement of the task is not satisfied by the allocated 
VM and there is no any available VM, then it notifies the VM 
manager and obtains the list of the suspended servers from VM 
manager and includes them into the list of previously available 
servers and again then it calculates the weights for each VM 
created from available servers and arrange those selected VMs 
based on the increasing order of weight and assigns a VM to the 
task in according to the weight of the VM.  And if there is not any 
suspended server, then the VM assignment fails.

IV. Experimental Results
To design and implement the algorithm for Dynamic Voltage 
Frequency Scaling technique we have used the Green Cloud 
simulator. Green Cloud simulator is a Cloud Simulator that is 
developed as an extension of a packet-level network simulator 
Ns2 [4]. Unlike few existing cloud computing simulators such as 
CloudSim [5] or MDCSim [6], GreenCloud extracts, aggregates, 
and makes information about the energy consumed by computing 
and communication elements of the data center available in an 
unprecedented fashion. In table 1 we have specified the simulation 
parameters that we considered for simulation.

Table 1: Simulation Parameters
Parameter Name Value Description
Simulation Time 65.0 secs 60 secs + Dead line of Tasks
Statistics collecting 
Time

0.1 Sec Start time to collect Network 
trace 

Simulation interval 
time

0.1 Sec interval time to make graphs and 
to create   flow monitor file

DVFS enabled True  DVFS Status
eDNS enabled True eDNS Status
eDNS delay True Time required to power down the 

switch
NCore 1 Number of Switches in the Core 

network
NAggr 2 Number of Switches in 

Aggregation network 
NAccess 3 Number of Switches in Acces 

network
NRackHosts 48 Number of Hosts on a rack

The Packet Queue in form of users to the Cloud Server arrives on 
Level-3 access point. As Simulation time was of 60 sec + deadline 
of the tasks the scheduler took around 65.01 seconds to finish the 
informing queue in case of Non-DVFS mode. When the Cloud 

simulation is executed in Non DVFS mode all the servers shows 
100% CPU usage until the simulation is not finished. The CPU 
load is forcefully withdrawn as soon as the dead line arrives as 
shown in fig. 2. Afterwards the simulation is executed in DVFS 
mode and in this mode the scheduler finished the entire load in 
queue before 47th sec and no job is forcefully withdrawn as shown 
in Fig. 3. In DVFS mode, the task queue is completely consumed 
by the servers making all the tasks in the queue to be successfully 
terminated and no task remain pending before simulation is over. 
The average DC Load in Simulation based on DVFS decreases 
about 40-50% as compared to Non DVFS Simulation as shown 
in fig. 4.

Fig. 2: Server Load Non 
DVFS Mode

Fig. 3: Server Load in 
DVFS Mode Most of the 
Load Finishes Before 50th 
Sec.

Fig. 4: Datacenter Load with DVFS Compared to Without 
DVFS

we have specified Table 2 which shows that the total wattage 
consumed without DVFS mode is 752.20 watt-hour and the total 
wattage consumed with DVFS mode is 590.20 watt-hour. On 
comparing we can find that how our proposed method helps in 
reduction of power consumption

Table 2: Total Wattage Consumed without DVFS and With 
DVFS

Energy consumed W*h (without 
DVFS)

W*h (with 
DVFS)

Energy consumed by servers 590.20 590.20
Core Switches 51.00 0.00
Aggregation Switches 102.00 0.00
Access Switches 9.00 0.00
Total Energy 752.20 590.20
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To see how DVFS method helps more in abating the energy 
consumption  we considered another scenario in which number 
of Core Switches are 1, number of Aggregation Switches are 2, 
Number of Access Switches are 2, Number of  Hosts on a Rack are 
50 and Number of cloud users varies from 1 to 8. Fig. 3 shows the 
variation in energy consumption in DVFS mode and Non DVFS 
mode as the number of cloud user varies. And we can see in fig. 5  
how DVFS method helps more in abating the energy consumption. 
Our proposed method achieves up to 28% energy saving. In fig. 
6 we have shown comparison of energy consumption among two 
methods at 50 % CPU utilization in datacenter. MM Policy [13] 
shows 1.2 KWh energy consumption and energy consumption 
with DVFS method is 0.45 KWh. 

Fig. 5: Energy Consumption With DVFS Mode Compared to 
Non DVFS Mode

Fig. 6: Comparison of Energy Consumption Between the Proposed 
DVFS Method and MM (Minimization of Migrations) Policy

V. Conclusion
Cloud computing is a highly scalable and cost-effective 
infrastructure for running enterprise and Web applications. But the 
growing demand of Cloud infrastructure has drastically increased 
the energy consumption of data centers, which has become a 
critical issue. Hence, energy-efficient solutions are required. We 
have proposed a scheduling algorithm for the cloud datacenter 
with dynamic voltage frequency scaling technique and simulated 
it by Green Cloud Simulator. Our proposed method results in 
40-50% reduction in datacenter load and also leads to up to 28% 
energy saving. Minimizing Energy Consumption results in less 
number of carbon footprints and thus helps in achieving greener 
computing.  

VI. Future Scope
In future work we will focus on the extension and addition of 
new modules to the simulator in order to get more information 
and simulate detailed scenarios such as virtual environments, 
and migration operational costs. Moreover, new enhancements 
to the scheduling policies such as dynamic thresholds when 
turning on/off machine can also be added. In order to obtain an 
energy-efficient data center, we can also work on frameworks that 
provide an intelligent consolidation methodology using different 
techniques such as turning on/off machines, machine learning 
techniques, and power-aware consolidation algorithms to deal 
with uncertain information while maximizing performance. 
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