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Abstract— The process for prototype of a High Performance Computing platform for robotics is discussed in 
this paper. The Cloud-based platform gives advantages of infinite resources, dynamic scalability and better 
resource utilisation. The different elements and technologies involved in a Cloud will be presented, as well as 
explaining the building process. The Cloud is compared with using Open stack middleware and KVM with 
hardware-based virtualization for performance. 
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I. INTRODUCTION 
Traditionally, information processing tasks were performed in centralized systems or independent computers. 

Nevertheless, some of them depended on mobile elements, such as navigation in robots. These kind of 
operations were done by the robot’s embedded hardware. However, we cannot expect to get good performance 
from some high performance tasks such as face recognition, surveillance, voice processing, natural language 
processing. etc, as they consist on very complex algorithms. In addition to this, we must take into account other 
facts such as power consumption, which is vital for the efficiency of such systems. Equipping a robot with 
hardware that we might find in a desktop PC has this trade-off, resulting in an useless and expensive machinery. 
Because of this, the question that we want to answer is: could we use an external auxiliary platform that 
performs all those computational hard operations? Thank to this, provided we have an efficient communication 
system, the robot would obtain the results faster, with the extra benefit of consuming less power. This can be 
especially interesting for situations where we need as least response time as possible. In order to give an answer 
to this question, this paper discusses the building of a first prototype, which follows the Cloud Computing 
approach. Cloud Systems are becoming increasingly popular during the last years, for the different 
characteristics it offers, such as infinite resources and dynamic elasticity. Large enterprises such as Amazon or 
Microsoft are focusing in cloud services as a interesting area of business. For example, small business which 
require to perform a computationally hard task, can use the resources offered by a cloud for a relatively small 
fee rather than spending a big capital to get all the bare metal resources necessary to get the computation done 
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(this becomes even more useful if these computations are not regular). Another example of cloud services are 
those provided by Dropbox, that is, using the cloud as a storage resource. The cloud can also provide a 
framework to develop applications which exploit its characteristics, such as Windows Azure or Google App 
Engine. Therefore, the possibilities that the cloud can offer to users and developers are vast. Figure 1 shows the 
concept of the prototype built, using as an example a senior person. The following sections will cover the 
different aspects that must be taken into account when building this kind of systems. 

 
 

Fig.1 Platform utilization example 
 

1) To Get Information 
2) Get the information processed by the Cloud 
3) Act accordingly 

 

II. DESCRIPTION OF CLOUD COMPUTING 

Cloud computing is a relatively new discipline in large scale distributed computing. It is 
based on the idea of utilising computational resource in the internet for a certain purpose 
(Dikaiakos et al., 2009). However, this concept can be applied to other large scale computing 
areas such as Grid Computing. In that sense, there is a lack of coherence between the 
different definitions of Cloud Computing, and what makes it different from other platforms 
such as the Grid. For instance, in (Laszewski et al., ), it is defined as a reliable, customized 
and QoS guaranteed dynamic computing environments provider, whereas in (Foster et al., 
2008) it states that it is based on a the delivery of a pool of abstracted, virtualized, 
dynamically scalable, managed computing power, storage, platforms, and services. The most 
interesting element of these definitions are the dynamically-scalable and virtualized nature of 
the resources provided by the Cloud. About the first term, in the context of High Performance 
Computing, for instance, it can be quite useful the possibility of adding (or removing) new 
computing nodes at runtime when needed. Therefore, new load balancing mechanisms can be 
studied (as most of the known mechanisms are based on systems where the number of 
computing nodes does not vary). About the second term, the main implication is that users 
will not access the bare metal resources in the cloud. For an HPC system this fact can be 
especially significant when measuring the performance for HPC applications, as we may 
obtain different results depending of where the virtual resources are located. Moreover, we 
can also move virtual resources from one bare metal node to another without significant loss 
of functionality or performance, being our whole system more maintainable. Figure 2 shows 
the structure of a cloud system in layers. The deepest level that a user can access is that of 
virtual machines. As we can see, depending on the depth of access, we can have different 
types of services: 
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Fig.2 A cloud system structured in layers 

Software as a Service: In this category the consumer uses end-user applications that are provided by the cloud 
(Application Layer). One example is that of Google Mail. 
Platform as a Service: In this category the user can develop applications for the     cloud by using a particular 
framework (Platform Layer), where some processes such as the Virtual Machine Creation or Load Balancing are 
already implemented in the given API.  

Infrastructure as a Service: In this kind of service the user has access to the virtual machines directly 
(Unified Resource Layer). The advantage is that the user has more freedom for developing but, at the same time, 
more work to do as there is not any API that helps the user with certain processes. 

III. RELATED WORK IN CLOUD COMPUTING 
The on-demand, pay-as-yougo model of Cloud Computing creates a flexible and cost-

effective means to access compute resources. For these reasons, the scientific computing 
community has shown increasing interest in exploring cloud computing (Jackson et al., 2010). 
Experiments done show that the performance obtained shows severe performance issues in 
network performance due to the virtual layers that our HPC Job must deal with (Salmeron, 
2011; Jackson et al., 2010), with some solutions proposed in (Xiaoyong, 2011) in the specific 
case of finite-element processing. To make matters worse, some strange fluctuations in 
performance on MPI Jobs have been reported (El- Khamra et al., 2010). However, these 
experiments do not use hardware-assisted virtualisation (explained in section 4.3), and there 
are also some positive experiments in the case of agent-based simulations, with proper 
speedup obtained (Decraene et al., 2010). Therefore, we can conclude that there is still some 
debate about the efficiency of the cloud for HPC jobs. More experiments have been done 
with different virtualisation platforms, which is directly related with Cloud Computing 
(Regola and Ducom, 2010; Walters et al., 2008; Che et al., 2010). These results will be 
explained in more detail in section 4.3. _ Cloud Computing for Robotics: This area is 
becoming of high interest judging the number of papers appeared in the recent years. In 
(Agostinho et al., 2011) a cloud platform for robotics workflows using the Platform as 
Service approach is developed, concluding that it offers a networked robotics platform as a 
service with strong advantages in performance without compromising security. In (Chen et al., 
2010) the paradigm Robot as a Service (RaaS) is presented, proposing a cloud framework for 
interacting with robots in the area of service oriented computing. In terms of HPC, in 
(Arumugam et al., 2010) a platform for solving parallelizing the FastSLAM algorithm in 
Map/Reduce is built, exploring the possibilities of creating a global map between several 
robots, thanks to the Cloud. As we can see, the idea of using a cloud platform for robotics has 
become more than reasonable. Basic ideas and challenges are explained in (Hu et al., 2012). 
Another area of interest is that of elder people, in which the GameUP project (ATC 
department) is mainly focused on. The use of Cloud Computing for senior people companion 
(for tasks such as speech/sound recognition, speaker identification, face identification, sound 
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source estimation and text to speech) is presented in (Chen et al., 2011) and for healthcare in 
(Abidi, 2011). 

 

IV.  BUILDING THE PLATFORM 

This section focuses on preparing the environment, which is separated in different concerns: 
select the cloud middleware, decide the virtualization technology and using an HPC 
algorithm to verify it. 
A. Bare metal nodes specifications 

The bare metal resources available may consist on few 64-bit computers with quadcore 
having Gigabit Ethernet Connection with Intel VT Extensions for Hardware Based 
Virtualisation. Figure 3 shows the network interconnection of the computers, which are 
located in Lab F0.30 in the School of Computer Engineering at Seville University. Due to the 
School of Computing Engineering IT Management Centre restrictions, we only have a 
partition of 10 GB, which will suppose a Cloud with little storage possibilities, but more than 
enough to verify the platform. 

 
Fig.3 Bare Metal Cluster 

B. Choosing The Cloud Middleware 

The first step is to decide which Cloud middleware will be used to create the Cloud. In 
order to do that, we have investigated two strong open-source cloud technologies in the 
market: Eucalyptus and Openstack. 

1) Description of Eucalyptus 
Eucalyptus is an open-source Cloud Middleware developed by Eucalyptus Systems, Inc. written in Java and C. 
It is designed to be simple, flexible and modular with a hierarchical design (Nurmi et al., 2009) This 
middleware’s architecture is "simple, flexible and modular with a hierarchical design". This architecture can be 
seen in figure 4. The main elements are the Node Controller, responsible of managing the Virtual Machines in a 
certain host, the Cluster Controller, which manages and schedules a set of node controllers forming a cluster and 
a virtual instance network, an Storage Controller, responsible of storing and allowing access to virtual images 
and user data, and a Cloud Controller, which gathers information about all the virtual resources by using the 
cluster controllers and performs high level scheduling. Eucalyptus allows two different virtualization 
technologies to be used: KVM and Xen. 
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Fig.4 Eucalyptus Architecture, extracted from (Nurmi et al., 2009) 

2) Description of Openstack 

Openstack is a set of services created by Openstack Foundation, founded by Rackspace Hosting and NASA, 
in order to fight Amazon’s market leadership, which does not allow easy migration to other platforms (Alacot 
Torres, 2011). Openstack project is the one that has support from different companies, such as Dell, Intel, 
AMD, Cisco and Canonical. The services that can be installed in the different nodes are the following (figure 
5 shows the architecture): 
 Nova: a Management Platform that manages compute resources, networking, authorization, and scalability 
needs of the cloud. 
Glance: OpenStack Imaging Service is a lookup and retrieval system for virtual machine images. It can be 
configured to use different storage backends such as Amazon S3, Openstack Object Store or HTTP. 
Swift: provides a distributed, eventually consistent virtual object store. It is capable of storing billions of 
objects distributed across nodes. 
 Keystone: provides identity and access policy services for all components including (but not limited to) Swift, 
Glance, Nova. 
  Horizon: web based dashboard that can be used to manage OpenStack services Just like Eucalyptus, 
Openstack also supports KVM and Xen. 
 

 
Fig.5 Openstack Architecture 
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3) Final Choice 

As seen in both descriptions, both technologies have similar features, and both have good community support. 
Untill now, Eucalyptus 3.0 is in alpha stage and version 2.0.3 is the latest stable version. This version was 
experimented in (Salmeron, 2011) and several bugs were detected. In addition to this, Ubuntu has default 
support for Openstack (as Canonical is one of the main supporters), making the Cloud installation process and 
configuration easier. Therefore, the choice of Openstack as a Cloud Middleware is obvious. Moreover, 
Openstack has a better web frontend (Horizon). 

C. Choosing the Virtualization Technology 

After having the cloud middleware, the next step is to decide which virtualisation 
technology is more suitable for the cloud environment. As stated before, the two possibilites 
are KVM and Xen. It is necessary to choose which technology is more suitable for the cloud 
for implementation. The idea of computer virtualisation is that a layer is added between the 
hardware and operating system. This is a virtualisation layer, and allows multiple operating 
system instances (also know as Guest Operating Systems) to run at the same time within 
virtual machines on a single computer, dynamically partitioning and sharing the available 
physical resources such as CPU, storage, memory and I/O devices (VMWare, 2007). Figure 6 
shows the architecture. 

 
Fig.6 General Visualization Layer 

 
The problem of virtualisation is that the Guest OS needs to access the hardware directly in 

order to execute a set of privileged instructions. Therefore the virtualisation layer must trap 
and translate at run time these sensitive instructions in order to allow virtualisation. Figure 7 
shows an example of different privilege levels in a x86 system. The lowest level implies 
access to the hardware layer (cannot be directly executed by the VM). This example will be 
used in subsection 4.3.1. 
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Fig.7 Privilege levels in a x86 system 

 
1) Types of Virtualization 

 

We now discuss common virtualization implementations, outlining the advantages and disadvantages, and thus 
being able to understand what each virtualisation technology can offer. The main difference between the 
different approaches is how the sensitive instructions that the Guest OS wants to execute are handled:           
 Full Virtualization: This paradigm is based on the inclusion of a Virtual Machine Monitor (VMM) or 
hypervisor in the Virtualisation layer. This translates kernel code to replace non-virtualizable instructions with 
new sequences of instructions that will do the same effect on the virtualized hardware (VMWare, 2007). The 
Guest Operating system will not be aware that it is being executed in a virtual machine, having then a total 
decoupling between the hardware layer the virtual resource and thus no other assistance (via hardware or via the 
Host OS) is necessary. Figure 8 shows the architecture of the virutalisation in a x86 computer. The advantage of 
this approach is the big compatibility with the available operating systems, as it does not have to be modified in 
order to be virtualized. 

 

Fig.8 Full Virtualisation architecture in a x86 machine 

Paravirtualisation: This approach is also based on the idea of  hypervisor in the virtualization layer, but in this 
case the guest operating system kernel is modified. The modification consists on substituting the sensitive 



N.S. Gawai et al., International Journal of Computer Science and Mobile Computing, Vol.3 Issue.2, February- 2014, pg. 290-301 

© 2014, IJCSMC All Rights Reserved                                                                                                           297 
 

instructions with hypercalls to the virtual machine manager, which will execute the necessary instructions that 
will perform the desired effect on the Guest OS. Figure 9 shows the architecture in a x86 computer. The use of 
this modified kernel makes the translation process faster, obtaining then a boost in performance if we have to 
use privileged instructions. This can be the main advantage of this virtualization approach. On the other hand, in 
this case the operating system is not completely isolated from the rest of the layers, as it knows that it is being 
virtualized. 

 
 

Fig.9 Paravirtualisation architecture in a x86 machine 
 

Hardware Assisted Virtualisation: The new generation of CPU’s are including new features 
that make the virtualization process easier. The main idea is to remove the need of translating 
the privileged instructions in order to be executed. In order to achieve that, a new execution 
mode may be where the privilege instructions can be executed. This is where the hypervisor 
will be running, and the trapping of sensitive instructions is done automatically without any 
type of further translation. Figure 10 shows how the resulting architecture for x86 computers. 
This new approach may give better performance than the previous two options. Actually, this 
approach is combined with the other two paradigms. 
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Fig.10 Hardware based virtualisation architecture in an x86 machine 

 

2) Description of KVM 

KVM (Kernel-based Virtual Machine) is a Linux open-source virtualisation technology based on the Full 
Virtualisation paradigm (Walters et al., 2008). Figure 11 shows KVM’s architecture. IT converts the linux 
kernel into a hypervisor by loading a module, which will add a guest mode to it and export a device. This 
module will allow each virtual machine to see a separate address space, and therefore isolation of the guests is 
guaranteed. Finally, for the I/O virtualization QEMU is used. In newer versions, KVM requires hardware 
assisted virtualization in order to run properly, therefore we can have the benefits of full operating system 
virtualization and the reduction of overheads obtained with hardware based virtualization. Because it follows the 
full virtualization paradigm, the main advantage of KVM is that it allows any operating system to be run (the 
only exception is those of different architectures from the bare metal node), allowing the users to have full 
freedom to create any type of virtual machine as per requirement. 

 
Fig.11 KVM’s Architecture 

3) Description of Xen 

Xen is another open-source virtualization platform, but this time it is based on the paravirtualisation paradigm 
(though it also supports full virtualisation). Figure 12 shows the architecture of this virtualization solution. 
The main elements are (Xen, 2008): 
The Xen Hypervisor: It controls the execution of the virtual machines and abstracts the hardware layer for the 
virtual machines. It has no responsibilities about the I/O devices residing in the computer system. 
Domain 0: This is a virtual machine that has access to all the physical resources existing on the machine. It 
interacts with the rest of the running virtual machines, and will process all the I/O requirements they may 
have. 
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Domain U: This represents a running virtual machine. Depending on the nature of the virtualization we have 
two types of Domain U: Paravirtualised (PV) or Full Virtualised (HVM). 

Domain Management and Control: This represents a set of services that allow the virtualization process 
management. 

 
Fig.12 Xen Architecture 

4) Final Choice 
As the main aim of our cloud is to be a HPC platform, we must choose the virtualization platform that gives 
the best performance. In that sense, we analysed different benchmark reports in order to make a decision. In 
(Che et al., 2010) we can see that, after doing tests with SPEC CPU2006, LINPACK, Kernel compiling, 
RAMSPEED, LMbench, IOzone, Bonnie++, NetIO, WebBench, SysBench and SPEC JBB2005, they state 
that Xen has better performance than KVM (they also analyse OpenVZ but, as it is not supported by 
Openstack, we ignored these results). In (Regola and Ducom, 2010) KVM and Xen are again compared in the 
context of High Performance Computing in different areas: Disk usage, Network performance and Parallel 
Applications. Once again, the result is that Xen has a slightly better performance. Similar tests are done in 
(Walters et al., 2008), showing that Xen should be able to handle HPC jobs as well (KVM is not compared in 
this literature reference). However, these performance benchmarks do not seem to use hardware assisted 
virtualisation, therefore they are outdated. With the hardware available, it would be more of interest testing 
how the overheads improvements of Intel VT Extensions affect the overall performance. Because of this, we 
chose KVM as it is prepared for this kind of virtualization technology. 

D. Cloud Configuration 

After selecting the cloud middleware, virtualization platform and knowing the hardware, we must select a cloud 
layout. We chose the simplest layout available, which consists of (as seen on figure 13): 

  A cloud controller, which has the Glance, Horizon, Keystone and all Nova services but nova-compute, 
responsible of running virtual instances. 

  Compute nodes, which only have the nova-compute service 

 
Fig.13 Cloud layout 

E. Test with a typical HPC problem 

Once our cloud is built, we can validate it as a HPC platform. In order to do so, we will use as a example a 
typical HPC Problem: a Laplace’s equation solver: 

               (1) 
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A finite difference approach will be used. The method use is that of Gauss-Seidel iterative method with red-
black ordering: 

 

This problem is suitable for testing because it involves not only computation but synchronization between 
instances. We can obtain better performance with our cloud with several VM in each one. The reason of this is 
because the code used is not prepared to be executed in multiple cores. Therefore with the bare metal nodes we 
cannot take advantage of the 4 cores. Further each VM may be executed in single core, and because of this we 
have better resource utilisation. Hence, we can assure that Cloud Computing can perform better with single core 
algorithms with several virtual machines in each compute node. 

V. CONCLUSIONS 

This paper is an attempt to establish the efficiency of a Cloud Computing environment for HPC Jobs and also a 
good support platform for an embedded system. However, this process was not trivial. First of all the Cloud 
Middleware and Virtualisation Technology had to be chosen. We saw that both open-source leading 
technologies (Eucalyptus and Openstack), despite its modularity and ease of installation, need some time to get 
configured properly. 

Moreover, knowledge of the different virtualization technologies and paradigms is needed. The election of the 
proper paradigm depends widely on the available hardware. This decision can affect severely in the final result, 
as seen on (Salmeron, 2011) and (El-Khamra et al., 2010), as not every piece of hardware might be suitable for a 
Cloud Environment. Regarding this matter, we have seen the efficacy of Hardware-based Virtualization (Intel 
Virtualization Extensions), obtaining performance results near to the Bare Metal Resources containing the 
Virtual resources. 

We can be sure that a Cloud can potentially be a very interesting platform for embedded applications. We have 
set the base for a future intensive research for not only obtaining better performance, but also better resource 
management and power consumption, other important aspects in embedded systems in general. 
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