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Abstract

Cloud computing is a revolutionary technology in the field of information technology and is growing

immensely with a fast pace. Cloud computing offers better resource sharing, resource utilization and energy efficiency to
end users and service providers. CPU utilization is a necessary part in cloud computing. In this research paper, we have
investigated the CPU utilization between host and guests in physical and virtual environment which will help further in
better resource management. The relationship overview between them has been observed on an open source cloud
computing software i.e. OpenStack. The results in the form of graphs are collected from both cloud and standalone system
for a better understanding. The simulation gathered from cloud and standalone system has revealed that in 100% Workload,
CPU utilization is constant while in low Workload, the CPU utilization correlates in the correlation analysis.
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1. Introduction

Cloud computing is fastest growing field of information
technology. It offers resource sharing with maximum
flexibility and scalability. There are three different models of
cloud computing i.e. Software as a service (SaaS), Platform
as a service (PaaS) and Infrastructure as a service (IaaS).
SaaS provides application and software for consumers which
can act as a host in cloud infrastructure. PaaS gives the
opportunity to consumers to develop their own application
and software in cloud infrastructure, while laaS gives
opportunities for the consumers to deploy different resources
like network, storage, memory and processor in a cloud
infrastructure [1-3]. Service providers such as internet
service providers (ISP) use IaaS to give services to their
customers by deploying various computers which are used as
resources. They also want to have a check and balance on
their computer resources, it means that they check regularly
how much their computer resources have been used by the
customers. Same is the case with the system performance.
System performance varies according to the usage of
resources. System performance can give a better view of the
usage. However, this kind of work is not new, but it has not
been implemented properly in cloud infrastructure due to
little research in the service model of cloud infrastructure
[4, 5]. The cost of cloud service provider depends mainly on
the utilization of central processing unit and the cost of cloud
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customer depends on the resources they use. It is already
known that if the CPU utilization is high, it will tend to
generate more heat in the datacenter and more heat will
ultimately increase the electricity cost. If the heat is
generated, there must be some precautionary measures to
minimize the heat of that datacenter, which will also cost lot
of money to accomplish. It has been observed that
approximately 40% of money has been spent on giving the
electricity bills and minimizing the heat of datacenters [6, 7].
The cloud infrastructure promises to offer efficient resource
utilization for the datacenters, CPU is one of the various
resources that a customer can use in a cloud environment [8].
Therefore, CPU utilization has been taken into account in
this research paper. CPU utilization shows the value between
0 to 100, which explains the percentage of CPU usage. Value
100 means that CPU is not available for further processes. In
this scenario if a new process is placed in a queue, it will
create a huge mess up for the CPU. Therefore, it is necessary
to have a deep look on the utilization of resources so that
CPU is always available for new processes [9]. In a cloud
environment, service providers prefer to monitor the CPU
utilization so that efficient service can be made possible for
their valuable customers. In this research paper, we have
analyzed the relationship between host and guests in terms of
CPU utilization from customer and service provider’s point
of view. This relationship will help us to launch the better
management of resources. Our main motivation and concern
in carrying out this research is that we are able to find a
scenario where we will have CPU utilization as high as
possible and that it will always be available for the new
processes. We have taken our research into steps. First we
have discussed about the virtualization techniques, what is
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hypervisor and why it is used. Then we have chosen a cloud
computing tool and performed all the simulations on it. The
simulation results obtained during this process are displayed
and are made visible for the readers.

2. Virtualization

Virtualization is the process of creating virtual
environments of something in which you can get all things to
work with like operating system, devices, servers and
network resources. A virtual computer is normally called as a
virtual machine (VM). Like original computer, virtual
computer has operating system and application programs.
There can be more than one virtual machines on a single
computer that can share resources.

2.1. Virtualization Techniques

There are various techniques of virtualization which can
be termed as follows:

1. Operating System Virtualization
2. Hardware/Platform Virtualization
3. Para Virtualization

Operating System virtualization means that multiple
operating systems be run parallel on the same computer. It
allows the user to run multiple applications that can use
multiple operating systems on the same computer.
Disadvantage of this OS virtualization is that it uses same
kernel as that of physical computer [10]. In hardware or
platform virtualization, a virtual machine is created that acts
like a real machine. This kind of virtualization does not share
kernel; it will have its own unique kernel. This virtualization
technique has all hardware components that makes the
installation of VMs very easy. Para virtualization is an
extension of virtualization. An interface has been provided to
the virtual machine in this kind of technique. It is a
lightweight technique.

2.2. Properties of Virtual Machine

There are various properties of virtual machine, all these
properties are very unique and because of this uniqueness it
offers many benefits. Some of the benefits are briefed as
follows [11]:

1. Partitioning

2. Isolation

3. Encapsulation

4. Hardware Independence

3. Introduction to Hypervisor

Hypervisor is a virtual machine monitor (VMM) that is
used to monitor the virtual machines. In other words, it can
be said that without the hypervisor, virtual machines cannot
be run. Hypervisor might be called as software, firmware or
hardware that can create and run virtual machine. There are
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two types of hypervisor available, one is termed as Type-1
and another is Type-2. Type-1 hypervisor runs directly on
host hardware and manages the guest’s operating system
while Type-2 hypervisor is installed onto the host computer
and then works like an application program [12].

4. Introduction to OpenStack Tool

OpenStack is an open source tool that is used to create
private and public clouds and also allows to deploy and
manage cloud infrastructure. Cloud has two requirements
which are huge scalability simplicity, open stack is the one
which fulfils these requirements. The main point of open
stack software is that it can be configured by the user very
easily i.e. if a user doesn’t want anything it can be
eliminated easily. Another plus point of open stack software
is that it supports various hypervisors, it is not limited to
only one hypervisor. Xen, KVM and VMware are different
kinds of hypervisor to some extent. Services that open stack
software provide are compute, object storage, block storage,
network management, authentication, image service, billing
service and dashboard. In a datacenter there are many
resources present i.e. compute, storage and network
resources. OpenStack software has the ability to tackle with
the large pool of resources. It can manage these resources
through its dashboard and it is the most suitable for
heterogeneous infrastructure. Lot of enterprises, companies
and institutions are showing great trust on this tool because
of its various unique features. Every enterprise wants to
expand its business and due to the trust level of OpenStack,
they rely on this software [13]. It is mostly deployed as [aaS,
in which services and resources are made available to the
customers. OpenStack main services and components are
explained by the figure 1 below.

OpenStack

main services and components
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Figure 1. OpenStack Main Services and Components [13]

OpenStack is a group of source projects that has an
ambition to provide comprehensive cloud services. It is
used for building cloud computing scenarios and also used
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for managing cloud computing scenarios both in public and
private clouds.

5. Simulation Results

Simulation has been performed on looking at CPU usage
in OpenStack compute node and independent experiment to
see the impact of OpenStack orchestration layer on CPU
utilization with kernel based virtual machine hypervisor. All
the scenarios are run for at-least five minutes, and 10
minutes’ iteration time been included in it. The platform
used for obtaining the results is OpenStack. So as to decide
the CPU execution of the compute node, mpstat is issued
for 5 minutes. The x-axis of graph denotes time in seconds
while y-axis denotes CPU utilization in percentage.
Simulation results of CPU utilization data collected from

compute node and standalone system of a city’s network are
displayed in the form of graphs in figure 2 and figure 3
respectively below. In this simulation, multiple number of
virtual machines are used. It is already stated that mpstat
provides CPU utilization and it has the overall values.

To get steady outcome the use estimations of initial 60
seconds and most recent 60 seconds are considered as warm
up and are evacuated. The outcome from tests demonstrate
that the CPU usage increases by expanding the quantity of
VMs. The graph takes a specific pattern in the both
situations when the quantity of VMs being focused is
expanded. But both the graphs are quite different to each
other in terms of CPU utilization. Clearly graph in figure 3
has the maximum CPU utilization because standalone
system has less number of CPU cores as compared with the
city’s network compute node.
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6. Results of Load Using Different Tools

These results have been performed with a tool named
stress-ng, which is used to customize the workload. Initially,
stress-ng is used to stress 1 virtual central processing unit
(VCPU) of virtual machine (VM) with 10% load. Afterwards
the percentage of load is increased to see the response of
CPU utilization. Load is increased to 20%, 30%, 40%, 50%
and 100% in each experimental run. Two different tools
(mpstat and Top) have tried to fetch the data from physical
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machine and virtual machine in Ubuntu and CentOS host.
Following graphs show the behavior of load when two
different operating systems are tried. First of all, result of
load in Ubuntu operating system using mpstat tool with 1
VCPU is shown in figure 4, then result of load in CentOS
using mpstat tool with 1 VCPU is shown in figure 5.
Similarly, results in both cases with 2 VCPU using mpstat
tool is shown in figure 6 and figure 7 respectively. Below
graphs show the results of load with stress-ng.
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Figure 5. CPU utilization on CentOS host (1 VCPU)
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Figure 8. CPU utilization on Ubuntu host (1 VCPU)
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Figure 9. CPU utilization on CentOS host (1 VCPU)
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Figure 11.

Now above graphs show the results when we used another
tool named (Top) and tried to fetch the data from physical
and virtual machine in Ubuntu and CentOS host. Result of
load in Ubuntu operating system and CentOS using (Top)
tool with 1VCPU is shown in figure 8 and figure 9
respectively. Result of load in Ubuntu and CentOS using
(Top) tool with 2VCPU is shown in figure 10 and figure 11
respectively.

CPU utilization on CentOS host (2 VCPU)

7. Statistical Analysis

The visual relationship from dissipated plots demonstrate
that there is some linearity when VM is loaded by different
workloads. To explain the behavior of above graphs
mathematically, we need to have the value of correlation
coefficient. The value of correlation coefficient always lies
between the range of -1 and 1 [14], which can be seen from
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the table 1, 2, 3 and 4 respectively below.

Table 1. Correlation coefficient b/w CentOS host and guest (mpstat tool)
LOAD 1VCPU 2 VCPU
10% -0.2721 -0.5436
20% 0.2581 0.4172
30% -0.0582 -0.0564
40% -0.0943 0.2113
50% -0.2031 -0.0903
100% -0.1944 Not Applicable

Table 2. Correlation coefficient b/w CentOS host and guest (top tool)

LOAD 1 VCPU 2 VCPU
10% 0.2885 0.5558
20% 0.0476 -0.4721
30% -0.0466 0.0234
40% 0.0421 -0.0070
50% 0.0951 0.1857
100% 0.3526 Not Applicable

Table 3. Correlation Coefficient b/w Ubuntu host and guest (mpstat tool)

LOAD 1VCPU 2 VCPU
10% -0.4663 -0.4807
20% 0.1655 -0.0049
30% 0.2392 -0.0727
40% -0.1684 -0.2900
50% 0.0735 -0.2154
100% -0.0710 Not Applicable

Table 4. Correlation coefficient b/w Ubuntu host and guest (top tool)

LOAD 1VCPU 2 VCPU
10% -0.4970 -0.2002
20% 0.2797 0.1438
30% 0.0780 -0.1824
40% -0.0076 0.1653
50% 0.3795 0.2213
100% 0.1626 Not Applicable

8. Conclusions

In this paper, a visual correlation is provided between
CPU utilization of standalone (host) and cloud system
(guest). There is slight correlation amongst host and guest
CPU usage, when they are totally used. Scattered plots are
obtained when the load percentage is under 100 and we can't
see a legitimate pattern in them. Examining the mechanisms
for getting CPU usage is out of extension. We can't really
extrapolate and add from host to guest values or the other
way around. We recommend that system/network manager
ought to be more cautious about the performance.
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9. Future Work

In virtualization frameworks, both hypervisor and guest
operating system offer scheduling services which are
multiple in nature, therefore this twofold scheduling activity
weakens the execution issue in the framework. Rather,
dynamic task of VCPUs to the VM in light of its need and
also accessible PCPUs is useful [15]. Our research paper
focused on distinguishing CPU conduct when more than one
distributed resources are pushed and guiding this
investigation to dynamic task of computational assets is in
fact convincing and can be considered as future work.
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