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Abstract 

Cloud computing is becoming an important opportunities for industry to provide a high 

degree of scalability and serviceability of computing resources. In order to integrate the 

system resource, utilize the resource flexibly, save the energy consumption, and meet the 

requirements of users in the cloud computing environment, one of the positive solutions is to 

apply the virtualization technology. A dynamic resource management with energy saving 

mechanism has been proposed in this paper which presents a method of dynamic voltage 

scaling for dynamic adjustment of resources by inspecting CPU utilization in the cloud 

computing environment. The voltage of the idle or light loaded computer can be reduced and 

heavy loaded works can be migrated to those machines with lighter loading for achieving the 

purpose of energy saving. The experimental results show that at the user unaware situation, 

energy consumption can be saved significantly by applying the proposed mechanism. 
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1. Introduction 

Cloud computing possesses the availability and the scalability, but due to the multi-level, 

distributed, and virtualized systems, the efficiency of energy be faced with more challenges [1, 

2]. Thus, how to save the energy of the data center without affecting both the economic 

efficiency and system performance is an important issue. 

In the cloud computing environment, the amount of workload will affect the loading of the 

physical machine of cloud server. Virtualization technology can simulate a variety of 

different platforms and manage the resources of the system. By applying the virtualization 

technology, in accordance with the requirements of users to configure a virtual machine, both 

the computing environment and resource management problems can be solved [3]. If the 

appropriate voltage regulation can be applied, the energy efficiency and the system overhead 

would be improved [4]. This paper proposes a mechanism to adjust the system voltage based 

on the CPU utilization, and migrating tasks in a heavy loaded machine to idle machines, so as 

to improve the resource utilization and reduce the energy consumption. 
   

2. Related Work 
 

2.1 Cloud Computing 

The concept of cloud computing [5] represents a dynamic allocation of resources. Through 

a cluster of multiple servers, could providers can provide services to users. In the could 

computing environment, the virtualization technology can be applied to allocate resources to 

achieve the purpose of the dynamic adjusting of resources. Cloud computing is a computing 

environment based on the Internet and can be extended dynamically. It uses “As a service” 

network technology to provide users with a large number of service nodes. Providers who 
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provide cloud services, rapid deployment of resources based on virtualization technology, can 

provide users with a variety of services. Furthermore, users can obtain resources and a variety 

of services according to their needs. Therefore, regardless of the computing power of 

software resources or storage capacity of network, users can obtain those resources through 

the cloud services supplier, and significantly reduce the cost of the software and hardware 

purchasing. 
 

2.2 Virtualization Technology 

Virtualization technology [6, 7] can be classified into two categories, full virtualization and 

para-virtualization. The advantage of full virtualization is that it can maintain consistent 

compatibility regardless of hardware environments, however, will increase a greater system 

loading of the physical machine relatively. While the advantage of para-virtualization is that it 

may share hardware resources with the original operating system, but the system kernel is 

necessary to be modified. In terms of performance, the para-virtualized is better than that of 

the full virtualization, but the corresponding hardware support is insufficient. 

Virtualization architecture consists of three components, hardware, Virtual Machine 

Monitor (VMM), and Virtual Machine (VM). VMM is one of the core implementation of 

virtualization, and is responsible for providing virtualization and managing hardware 

resources. There are many virtual machines exist, such as Xen and KVM [8]. 
 

2.3. Dynamic Voltage Frequency Scaling (DVFS) 

Dynamic voltage frequency scaling is a hardware technology that can dynamically adjust 

the voltage and frequency of the processor in execution time. By applying DVFS technology, 

without having to restart the power supply, system voltage and frequency can be adjusted in 

accordance with the specification of the original CPU design into a different working voltage. 

While CPU works in lower voltage, the energy consumption can effectively be saved. 

The power consumption of the CPU is measured by multiplying the voltage square with 

the system frequency (as Eq. 2.1). Where V is the voltage, F is the frequency, and C is the 

capacitive load of the system. The DVFS is the power saving technology by reducing the 

voltage supply [9]. The reduction of CPU frequency means that the voltage can also be 

dropped, though it will result in the degradation of the system performance and lead to 

prolong the execution time. In addition, the overhead of the voltage adjusting should also be 

considered. 

The purpose of the DVFS is to allow the degradation of the execution speed of a task by 

decreasing the CPU frequency and voltage to reduce the power consumption. This technology 

is often used in real-time systems.  

  CFVP  2

             (2.1) 

As mentioned above, by applying the DVFS technology, CPU voltage can be lowered, but 

the execution speed of the task will be reduced. From Eq. 2.1, we can see that if only reducing 

the frequency, energy cannot be saved effectively. In the system, C is the capacitive load of 

the system, only in lowering the frequency and also reducing the voltage, the power 

consumption can be saved effectively. 

 

2.4. CloudSim 

In this paper, CloudSim [10] is used to evaluate the performance of the proposed 

mechanism. It is a cloud computing simulation software and developed by the University of 

Melbourne. CloudSim can support the construction of the large-scale cloud computing 
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environment for simulation and the data center, service agent, scheduling, and resource 

allocation platform can also be constructed automatically. Moreover, it provides a 

virtualization engine that can be used to establish and manage a variety of virtualization 

services in the nodes of the data center.  

While allocating processors for virtualization services, resources sharing in temporal and 

spatial can be switched flexibly. CloudSim applies mature virtualization technology, 

according to the requirements of users; the data center can allocate appropriate resources to 

each user. CloudSim provides resource management and monitoring as well as the mapping 

of the host and virtual machines. In addition, it provides the function for message exchange in 

data center and users can develop their own algorithms to be processed in CloudSim. Figure 1 

shows the schematic diagram of CloudSim. 
 

 

Figure 1. Schematic Diagram of CloudSim 
 

2.5 Virtual Machine Migration 

Virtual machine migration technique allows a virtual machine running on a physical 

machine to be migrated to another physical machine. Migration can be classified into two 

types, offline migration and real-time migration. For offline migration, the current user's state 

must be suspended or shut down before the migration can be performed, and users will not be 

able to take any action. For real-time migration, in contrast, it is not necessary to shut down 

the original virtual machine and the task can be migrated at the user unaware situation. The 

advantages of the real-time migration include load balancing, power efficiency, and 

convenient maintenance [11]. 

Migration of memory is one of the most important issues in real-time migration [12, 13]. 

Virtual migration consists of the following steps: pre-migration, reservation, iterative 

pre-copy, stop and copy, as well as the commitment activation. Where pre-copy is the 

existing virtual machine migration technology. For real-time migration, by applying the 

pre-copy technique, all memory pages are migrated before VM migration, once the Writable 

Work Sequence (WWS) is small enough or the predefined iteration numbers reached, the 

virtual machine will start to be migrated, CPU status and memory pages are transferred to the 
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destination machine. Although pre-copy can compromise the system downtime and total 

migration time, it cannot guarantee to transfer data continuously if the number of work queue 

limit is reached, especially when the virtual machine is running read-intensive operations. 

 

3. Dynamic Virtual Resource Management for Energy Saving 

The resource utilization improvement and energy saving are important issues in the cloud 

computing environment. In addition, the strategy to satisfy the quality of service requirements 

of users and the task scheduling in the multitasking environment should also be considered. 

According to a report by Symantec in 2009, about 97% of the respondents pointed out that 

the company has been discussed the Green IT issues, while 45% have been importing the 

green energy plan. According to the utilization of server resources in the current market, 

about 80% of them are idle and the data center is between 20-30%. In general, even in the idle 

state, 60% of the power is consumed by the cloud servers. The power consumption coupled 

with cooling equipment, energy consumption will result in 50-100% of the waste of energy. 

Thus, it is an important issue to provide a resource management mechanism for energy 

saving. 
 

3.1 System Overview 

A mechanism by applying CloudSim to simulate a large scale cloud data center for energy 

saving has been proposed in this paper. The system consists of three parts: the CPU utilization 

monitoring, DVFS adjustment, and real-time migration. CPU utilization on each host is 

monitored in the system. According to the measured CPU utilization, an appropriate process 

will be performed for saving energy consumption.  

In CloudSim, MIPS (million instructions per second) is used to present the capacity of the 

host machine, the capacity of VM, and the workload requested by the user. Each workload 

will be distributed to VMs on different hosts. VMMIPS is the amount of MIPS required for the 

VM and HostMIPS presents the amount of MIPS the host can support. The utilization of the 

virtual CPU of a virtual machine, Vcpu, can be calculated by Eq. 3.1, and the average 

utilization of CPUs can be calculated by Eq. 3.2. 

             (3.1) 

            (3.2) 

In the simulation, there are 10 hosts and 30 VMs. Each host supports 3 VMs, total 

capacities of hosts are 600MIPS, and that of the VM are 250MIPS. The architecture is 

considered to reduce the waste of idle resources of each host, and to ensure 80% resources is 

available for VMs. On the same host, 3 VMs share the resources of the host. Once the 

workload of three VMs on a host becomes heavy, the real-time migration is proceeded to 

ensure each VM can obtain the required resources. 
 

3.2 System Process 

As mention before, the measured CPU utilization can be used for determining voltage 

adjustment. When the utilization is too low, the voltage will be lowered to reduce the power 

consumption. In contrast, the utilization is too high, in order to maintain user’s quality of 
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service, real-time migration of virtual machines will be preceded. CPU utilization will be 

measured and recorded per unit-time, and maintain the record for a certain period of time 

after lowered or raised the voltage gradually. By applying the proposed strategy, the 

measured CPU utilization can be used to decide whether the migration is required.  

Initially, the number of adjustments, threshold of the average CPU utilization, maximum 

number of VMs each host can support, and initializing parameters are set. The CPU 

utilization and current voltage are monitored continuously. The average CPU utilization is 

calculated every three time units, once the average CPU utilization is less than 30%, the 

number of acting VMs on the host is the maximum, and the voltage is greater than the 

minimum operating voltage, then DVFS is applied to lower the voltage, otherwise the VM 

migration is performed for merging VMs. If the average CPU utilization is greater than 80% 

and the voltage is less than the rated voltage, then DVFS is applied to raise the voltage, 

otherwise, the real time migration is preceded except the only acting VM on the host. The 

process of the system is shown in Figure 2. 

 

 

Figure 2. The System Flow Chart 
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3.3 The Resource Adjustment Mechanism 

In the cloud computing environment, dynamic power consumption of the host can be 

calculated by Eq. 2.1. The average CPU utilization is recorded once every 5 seconds, and the 

voltage adjustment is determined every 15 seconds. The earliest recorded CPU utilization will 

be replaced by the latest every 5 seconds to update the average CPU utilization. 

In the experiment, the voltage is adjusted to reduce the power consumption 25W at a time. 

In order to reduce the impact of continuously adjusting the voltage, voltage adjustment is 

performed if the CPU utilization is still too low or too high for a period. To lower the voltage 

will result in the degradation of the system performance. The relationship between the power 

consumption and system performance has been measured and listed in Table 1. The real-time 

migration can be performed for migrating the VM to other idle (or light workload) host, or 

merging VMs by migrating other VM to the light workload host in the experiment, however, 

a host is limited to support full utilization of 3 VMs at the same time. 

 
Table 1. Power Consumption vs. CPU Performance 

POWER (W) CPU (MIPS) 

250 247 

225 228 

200 207 

175 182 
 

4. Experimental Results and Analysis 

In the experiment, the computer is using Intel® Core™2 Quad Q9500 CPU, running at 

2.83GHz, 4GB DDR3 memory, and 500GB SATAII hard drive. Experimental platform is the 

CloudSim software with Windows 7 operating system. Both host and VM are single-core 

architecture. Mainly use the KVM, the compiler uses the IDE the Eclipse. A large scale cloud 

computing environment is simulated in the experiment. The number of tasks is 400, the 

resources required for each tasks are from 5 to 250 MIPS which are generated randomly. The 

voltage adjustment is determined every 15 seconds. Total run time is measured at the time all 

works completed. The experiment is performed 10 times for calculating the average value and 

total power consumptions. 

 
Table 2. Average CPU Utilization vs. Energy Consumption 

 

Average CPU  

Utilization (%) 

DVFS mechanism 

applied (kwh) 

Without applying 

DVFS mechanism 

(kwh) 

25 0.58 0.63 

50 0.66 0.69 

75 0.76 0.75 

100 0.84 0.81 
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 Figure 3. Energy Consumption Comparison 
 

Table 2 and Figure 3 show energy consumption according to different average CPU 

utilization rates. It can be seen that when the CPU utilization rate is greater than 75%, energy 

consumption of the system with applying the proposed scheme will be slightly higher than 

that without applying the proposed scheme. The reason is that under the situation of heavy 

work load, unnecessary real-time migration will introduce extra energy consumption. When 

CPU utilization is less than 70%, the energy can be saved obviously by applying the proposed 

mechanism. 

The relationship between the number of acting VMs and the migration and merging 

numbers is illustrated in Fig. 4. Increasing the number of acting VMs will result in increasing 

the number of migration and merging. In terms of energy efficiency, the more VMs can be 

placed on the same host, the greater the energy efficiency can be obtained. However, too 

many VMs on the same host will increase the number of migration and degrade the system 

performance. 

Figure 5 shows the comparison of energy consumptions. The energy consumption without 

applying the proposed mechanism is presented as original, and DVFS presents the energy 

consumption measurement by applying the proposed mechanism. From the experimental 

result, we can see that about 24-33% of energy consumption can be saved by applying the 

proposed resources adjustment mechanism. 

 

 

Figure 4. Number of Acting VMs vs. Migration and Merging Numbers 
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Figure 5. Energy Consumption Comparison 
 

5. Conclusion 

This paper proposed a dynamic resource management with energy-saving mechanism in 

the cloud computing environment to reduce the energy consumption. DVFS technique can be 

applied by monitoring the CPU utilization. When the workload is heavy, real-time migration 

can be provided for achieving more effective usage of resources under the user unaware 

situation. The experimental results show that the energy consumption can be saved 

significantly by applying the proposed dynamic resource management mechanism. Since a lot 

of migration will possibly lead to serious increasing of the extra energy consumption in the 

proposed architecture by applying the migration mechanism, in the future, multi-core 

architecture will be used to support multi-VMs. The number of acting VCPUs can be adjusted 

in accordance with the utilization of individual VCPU and the number of the CPU cores. 
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