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Abstract — Cloud Computing represents one of the most
popular new paradigms making utility computing a reality. In
recent years, this concept has received a lot of attention because of
the enormous benefits it brings: for instance the capability known
as elasticity permits users to change the number of machines they
use according to their needs and in a timely manner. Many large
companies deployed public cloud systems such as Amazon EC2 or
Microsoft Azure. Even though the popularity and usefulness of
cloud systems is clear, there are still concerns around the use of
public clouds: availability, data safety or privacy. Because of these
concerns there is a need to deploy private cloud systems. Systems
that run on machines owned by the organization that requires
them, offering similar services as public clouds to different parts
of the organization while maintaining a large degree of trust.
With the need for private cloud systems a number of software
solutions appeared. We concentrate here on Infrastructure as a
Service, cloud systems where users are given full access to virtual
machines. These are generally Open Source and capture large
interest from the public. In this paper we make a through
comparison between three of the most popular open source cloud
software systems and describe our experience with installing and
maintaining small deployments using these three software suits.
Keywords — cloud computing; performance; openstack;
opencloud; opennebula

I.

INTRODUCTION

Cloud system [1] use has grown dramatically in recent times.
There are more and more companies deploying public and
private clouds. With the rise in cloud usage multiple type of
clouds have appeared: Metal as a Service - Where users are
given access to physical machines; Infrastructure as a Service –
Where users are given access to virtual machines that run on a
infrastructure maintained by the cloud owner (Here we have
systems such as Amazon EC2 or Microsoft Azure); Platform as
a Service – Users are getting access to execution runtime,
databases or web servers; and finally Software as a Service where users get access to an application such as games, e-mail,
virtual desktops or online document editors.
We are specifically interested in Infrastructure as a Service
(IaaS) systems. These systems benefit on overprovisioning to
offer low costs to virtual machines used by many different users.
When we compare clouds with previous systems such as cluster
or grids, one important advantage is elasticity. Elasticity permits
cloud users to increase and lower the number of machines they
use, and with them the cost, depending on their needs. A high,
abrupt increase in the number of clients means a need to deploy
more machines in a time sensitive manner. In the classical

model, where all machines were owned by the company offering
said service, this would only be possible if other physical
machines were available. This was generally not the case,
because this would mean an extremely high increase in cost
while the benefits would be only temporary. For instance a shop
would have an increase in clients using their services during the
winter holiday period far higher than the rest of the year. With
elasticity, more machines can be acquired during the holiday
season and discarded after, for little cost.
Clouds open the way for small groups to take advantage of
large computing power in order to enable their applications. The
need for large processing power is felt even more now, with the
rise of Big Data. These systems require more and more
processing power to run complex machine learning algorithms
that extract information of the data set.
Trust is the main problem of public clouds. A user of a cloud
may need assurances about availability, data privacy and data
security, especially with sensitive data sets. These assurances
cannot be guaranteed. Not only there has to be trust in the public
Cloud provider, but also the government and the regulations of
the country the cloud provider operates in. This is made
especially clear by the NSA issues in the USA.
Private clouds, and more recently hybrid clouds, are a
possible solution. Companies that own physical hardware have
different uses and needs for it depending on internal groups and
departments. Private clouds are a way for multiple groups or
departments to share the same physical resources and scale up
and down individual systems as needed. For instance during
holiday season, the number of machines serving the online shop
would grow, while the number of machines used for internal
accounting could be lowered. However number of physical
machines is still limited. The solution is given by hybrid clouds,
which take advantage of both options, local trusted resources,
for sensitive applications, and the promise of virtually infinite
resources that could be offered by public clouds.
Next we present three software solutions for private and,
more recently, hybrid cloud systems and describe our
experiences with installing and managing these systems. The
solutions we present are: OpenStack [2], OpenNebula [3] and
CloudStack [4] - Section III. These are all popular, open source,
private cloud management software solutions. In Section IV we
present experimental results and a direct comparison between
these solutions. Finally we finish with our conclusions and
recommendations as well as suggestions for future work –
Section V.

With the recent interest and demand of Cloud systems there
are numerous works and projects that try to analyze the
capabilities of clouds. For instance [5] makes a detailed analysis
on the capabilities of Amazon EC2 to run scientific computing
software. These tests are also run on private cloud systems, like
the Illinois University Cloud [6]. Other works concentrate on
performance and power management [7].

of each machine. A similar solution is presented in [26] where
the solution is used to supplement a comparison between
OpenNebula and OpenStack. The authors of [27] present a
similar comparison, but in the context of cosmological
simulation use case, they do not investigate varying the size of
the virtual machines because they concentrate on the application
that runs on them. In the following chapters we show how the
size of the machine can affect the start time.

Most research in cloud system is concentrated on
improvements in performance from the perspective of the cloud
owner. These improvements are given by better ways of
transferring data [8], selecting [9] or allocating [10] services.

The work of [28] tries to determine the effects of different
configurations when deploying virtual machines. They show
how different RAM or CPU settings don’t effect the results very
much, but the size of the virtual hard drive does.

However not all works clarify what they are testing. For
instance, in [11] the authors test the Hadoop map reduce engine
on the Eucalyptus [12] cloud system. This kind of test offers no
information about how the management system, Eucalyptus,
works but shows how the physical infrastructure and the
virtualization system work. This type of measurements make
more sense when one is trying to determine the performance of
the virtualization system, such as in [13] where an in depth
analysis and comparison between the popular virtualization
systems Xen [14] and KVM [15] is made.

We are not aware of any work that compares OpenStack,
CloudStack and OpenNebula in a comprehensive matter,
looking both at the future and the elasticity performance of these
three private cloud systems.

II. RELATED WORK

The problem of measuring the virtualization system instead
of the cloud management system is present in many works that
claim to compare different private cloud software systems. For
instance, in [16] the authors claim to compare Eucalyptus and
OpenStack but use a lot of benchmarks that measure the
performance of the virtual machines themselves. In [17] claim
to make a performance evaluation of Eucalyptus and CloudStack
but put together metrics that compare, very thoroughly, the
behavior of the virtualization systems with metrics such as start
time which actually give information on the Cloud software. The
other metrics measure things such as CPU/RAM/Network for
the isolation of different virtual machines.
It is vital to differentiate between the metrics that indicate the
performance of the different components of a cloud framework.
This is especially important considering these components can
be interchangeable. For instance, most cloud system support
both Xen and KVM.
Works that make comparisons of cloud systems concentrate
on a variety of things, for instance [18] studies the problem of
security in clouds and [19] concentrates on security issues of
open source, private clouds.
Other works only compare the features of various cloud
software systems like [20] which compares multiple IaaS
solutions and [21] which compares not only IaaS but also PaaS
solutions. Similarly [22] tries to identify the best open source
cloud software based on the user needs looking only at the
features. The features of public and private cloud systems are
analyzed in [23]. A more through study conducted in the same
manner is presented in [24].
A proposed benchmark for analyzing cloud management
software is presented in [25], here the authors test their solution
on Eucalyptus and OpenStack. However the author’s
methodology only takes into account the number of virtual
machines being started but it doesn’t take into account the size

III. CLOUD MANAGEMENT SOFTWARE
Cloud management software are complex stacks that deal
with everything from provisioning to monitoring inside a cloud
environment. Because they are so complex, they are usually
built using interchangeable modules. Common modules, found
in most solutions, are: a GUI dashboard, a way to control the
infrastructure; networking, controlling things such as firewalls
and connections inside the cloud and allocation of IP addresses;
identity service, to control who has access to what parts of the
cloud; monitoring services; storage services, that are used to
store the virtual machines and the different flavors of virtual
machines the cloud can use; and most importantly a hypervisor
(a physical node that runs a hypervisor is also known as a
compute node), the module that is in charge of running a virtual
machine on each individual physical host.
OpenStack is a free open source cloud management
software stack. It started as a joined NASA and Rackspace
project and now it is supported by a large number of
corporations. Installing OpenStack showed us that it is the
software which is most complex, with most features. This means
all the details of how the cloud is organized can be controlled,
but it takes a rather steep learning curve.
OpenNebula is also an open source project. It is mostly
popular in Europe where many different research projects and
grants are invested in its development. It is not as full of features
as OpenStack but it is very close. During our experiments we
have found no feature that we needed and was not available. The
software itself was probably the simplest to install and manage
and it offered enough variety to please most cloud
administrators.
Finally, Apache Foundation answer to a Cloud Management
engine, CloudStack. This solution claims to be highly available
and highly scalable. It supports multiple management server
nodes and experimental results show that it can theoretically
manage 30.000 machines with only 4 management server nodes.
This solution has intensive CPU and RAM usage.
To run our experiments, we used three identical physical
machines with the following configuration: Intel Core 2 Quad
CPU Q9400 at 2.66 GHz with virtualization enabled and 4GB
of RAM.

IV. COMPARISON OF CLOUD SYSTEMS

Table 1 Supported Hypervisors

In this chapter we compare three of the most popular cloud
management software solutions: OpenStack, CloudStack and
OpenNebula. Each of them are widely used for the management
of private clouds and are slowly extending with the appearance
of hybrid clouds.
Because the fact that these are open-source systems, the
more popular they are and the more attention they receive the
more programmers and engineers contribute to the code base.
With more people contributing, more features are available and
security issues are solved faster. To understand the popularity of
these systems we looked at google trends, a method of finding
out how many people used a search term in a certain period.
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OpenNebula is the solution that has the fewest options for
choosing a hypervisor. This is because the way OpenNebula
developers concentrate on free and open source software.
We make note that bare metal is not technically a hypervisor.
Bare metal represents installing machines, directly on physical
hardware, without any virtualization. This technique is called
Metal as a Service, because using this method gives the client
access to the actual physical machine, the metal. Metal as a
Service usually requires more complex hardware that can
provide remote power management for the machines. This
technique could be extremely beneficial for users that need
maximum efficiency or that need features that aren’t perfectly
virtualized. The use of Metal as a Service could also translate
into an increase in security as there is no worry for a different
machine, of a different client, running on the same system.

Fig. 1 Popularity of Cloud Management Systems over time

The results shown in Fig. 1 shows how, based on google
trends, OpenStack is, by far, the most popular cloud software
system. In 2010 the idea of private clouds appeared and in the
next years it became popular. OpenStack was also the first to be
launched, the last of the three being CloudStack.
Furthermore OpenStack is popular worldwide, with a large
interest in Asia, USA and Europe. In contrast CloudStack is
mostly popular in Asia and USA while OpenNebula is most
popular in Germany, followed by USA. The popularity of
OpenNebula in Europe, especially Germany is also motivated
by the large number of research grants that promote the
extension of OpenNebula. On the other hand OpenStack was
started by NASA and Rackspace, and is now supported by a very
large number of companies. Finally CloudStack is an Apache
Software Foundation project.
As we showed in the Related Work section, a lot of papers
that claim to compare cloud management systems measure
instead just the capabilities of their respective hypervisors. With
a lot of interest in these technologies the components each of
them supports has continued to grow.
Table 1 shows the supported hypervisors for each of the three
systems. It is clear that all of them have interchangeable
hypervisors and all of them support the most popular ones: Xen,
KVM and VmWare. Because of this it is important that any
measurement on the performance of the virtual machines run by
these systems should take into account the hypervisor being
used.

Table 2 Supported Configuration Methods
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All the cloud systems presented in this paper offer a variety
of ways to configure them. This is shown in Table 2. OpenStack
is the one with the highest variety, supporting a large, and
increasing, number of languages from which configurations can
be made. Offering a variety of options to configure the cloud is
important because it raises the ease to integrate it into an existing
system or to implement new applications for it. These
applications need to use APIs or the CLI to be able to better take
advantage of the elasticity feature. However a large variety is not
always the best option, because of the need for extensive
documentation and the possible incompatibility in features
offered by different options.
To evaluate the efficiency of these systems we look at
elasticity. And in order to measure elasticity we measure the start
time of virtual machines. This indicate how fast a system can
take advantage of elasticity to respond to an increase in the
number of clients.
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We showed how three of the most popular open source cloud
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Fig. 2 Start Time depending on number of VM and their size

Considering our analysis we consider OpenStack to be the
solution that has most features and is the most popular. However
the large number of features translate in a difficult to use and
install. Given our experience we appreciate the simplicity in
dealing with OpenNebula and CloudStack.
As future work we envision extending this comparison to
other cloud management solutions as well as introducing a larger
number of measures with which to benchmark the cloud
management software, and not their individual components such
as the interchangeable hypervisors they use. For instance it
would be interesting to test the scalability of each solution.
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We varied both the number of virtual machines run
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