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Abstract—In this paper, we present our work on enhancing the 
technological infrastructure at Spanish National University for 
Distance Education (UNED, Universidad Nacional de Educación a 
Distancia) with cloud computing principles. This includes the 
development of (1) virtualized environments to allow students to 
do practical exercises easily in the field of networks and 
communications; and (2) load forecasting techniques to improve 
on the usage of the technological infrastructures of UNED, so 
that the Quality of Service (QoS) experienced by users is kept 
and power consumption is minimized. 
 

Keywords- cloud computing; e-learning; quality of service; 
power consumption; load forecasting. 

I.  INTRODUCTION 
With the advent of the cloud technology [1], [2], more 

dynamic computing platforms are been developed. The cloud 
is a shift from the previous computing architectures in which 
computers had static software features, thus making users of 
such resources “fit” into those features. For example, if a 
shared computer has a Linux operating system installed along 
with some programs and libraries, users willing to run their 
applications on it had to make sure that their applications 
could run on such system. Hence, the use of computing 
systems could be considered as “computer guided”, since 
users had to fit their applications to meet the features of the 
computer. 

The cloud allows systems to dynamically provide the 
computing resources their users need, reducing expenses, 
energy consumption and improving on their scalability [3], 
[4], [5]. Hence, if users want to run some applications in a 
cloud, it is the computer which has to “fit” into the needs of 
the users. In the example above, Virtual Machines (VM) can 
be instantiated dynamically to meet the users’ requirements. 
The cloud system can thus be considered as a “user guided” 
system, since the computing resource is adapted to the users’ 
needs. Furthermore, an appropriate cloud infrastructure 
manager (such as OpenNebula [1], [6] or Eucalyptus [7]) can 
provide on demand instantiation, monitoring, and live 
migration of VMs. In this manner, fault tolerance and 
scalability are provided.  

Another important point to keep in mind is the power 
consumption of the computers [8]. According to [9], 

datacenters now drive more in carbon emissions than both 
Argentina and the Netherlands. So, cloud infrastructures 
should be managed trying to reduce the power consumption of 
the computers, along with keeping efficient processing and 
utilization of machines. In order to achieve these, load 
forecasting methods are needed [10] [8]. 

Furthermore, e-learning technologies are aimed at 
providing learning capabilities by means of technological 
infrastructures (e.g. students connected to servers through the 
Internet). For a large-sized distance university, such as the 
Spanish National University for Distance Education [11] 
(UNED, Universidad Nacional de Educación a Distancia), 
with more than 200,000 students, 1,500 lecturers, and 2,000 
administrative staff, the cloud seems to be the right paradigm 
to efficiently manage its technological infrastructure. This 
efficiency is especially needed by UNED since this is a 
distance university (no face-to-face classes are provided), 
hence it relies on its technological facilities to deal with 
students, keep track of them, and provide them with the access 
to lecturers and academic resources.  

UNED is working on harnessing cloud technology for its 
e-learning purposes, and this paper presents the directions 
being followed. Therefore, two directions are presented in this 
paper. These are the development of (1) a virtualized 
environment to allow students to do practical exercises easily 
in the field of networks and communications; and (2) 
techniques to predict the load of the technological 
infrastructures of UNED, so that users receive Quality of 
Service (QoS) while power consumption of computers is 
minimized.  

This paper is structured as follows: Section II provides 
related work in the fields of cloud computing and e-learning. 
Section III explains the specific necessities of UNED. Sections 
IV presents the main contributions of this paper, mentioned 
above. Finally, Section V concludes the paper and presents 
guidelines for future work. 

II. RELATED WORK 
The combination of cloud technologies and e-learning has 

been scarcely explored. The most promising works are 
reviewed in this section. References [12], [10] propose an e-
learning framework whose infrastructure relies on cloud 
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computing. The architecture of such system has several 
components aimed at the efficient provision and management 
of the e-learning services. Among other interesting features, 
this system is able to pre-schedule resources for the hot 
contents and applications before they are actually needed, to 
safeguard the performance in concurrent access, but no details 
have been found with regard to how this is achieved. 

Reference [13] focuses on the reservation of VMs to 
students for an specific time frame. In [14] CloudIA, a 
framework which provides on-demand creation and 
configuring of VMs, is presented. Finally, reference [15] 
introduces a proposal for personal and virtual learning. This 
proposal interacts with services that rely on the cloud, such as 
YouTube or GoogleDocs. 

As mentioned above, references [10] and [8] agree that 
load forecasting methods are needed to efficiently manage 
computing resources in a cloud environment. In [16], it is 
shown that although load exhibits complex properties, it is still 
consistently predictable from past behavior. In [17], an 
evaluation of various linear time series models for prediction 
of CPU loads in the future is presented. For this work, a 
technique based on historical data is used, since it has been 
demonstrated to provide better results compared to linear 
functions [18], [19]. 

III. THE SPANISH NATIONAL UNIVERSITY FOR DISTANCE 
EDUCATION 

The Spanish National University for Distance Education 
(UNED, Universidad Nacional de Educación a Distancia) 
[11] is an off-campus university which is devoted to provide 
university training to students who cannot attend on-campus 
classes. For instance, students having tight timetable because 
of other commitments (e.g. work or family commitments), 
convicts and hospital patients, whose attendance to on-campus 
classes is totally unfeasible, may harness this University. 
UNED provides such students with the platform to receive 
education at home without the time-consuming and sometimes 
money-consuming effort requested by on-campus universities. 

Courses at UNED are managed at the central offices in 
Madrid, where lecturers attend students from anywhere by 
means of the technological infrastructure. The technological 
infrastructure of UNED [20] allows students to virtually meet 
each other and lecturers and simulate the interactions that take 
place in traditional face-to-face classes.  

In figures, UNED is the largest university in Spain in terms 
of number of students (more than 200,000) and number of 
lecturers (more than 1,500). UNED employs around 6,900 
local tutors, who are spread over 72 associated centers all over 
Spain. Furthermore, UNED also provides university training 
to more than 2,100 students in more than 11 countries. Recall 
that interactions between students and university are by means 
of the technological infrastructures of the university, that is, 
students download material and upload essays and other works 
through the web site, read and send emails, and read and post 
messages in the forums.  

It can be seen that the technological infrastructure of 
UNED is the key to the proper functionality of the university, 

since all the interactions between students and the university 
staff are conducted through it. If the infrastructure does not 
perform smoothingly, this would seriously affect the service 
received by students and staff, making the learning/teaching 
process more complicated. 

Considering the size of the university in number of 
students and staff, the use of scalable solutions is essential to 
keep the infrastructure working efficiently, and this is where 
the use of cloud technologies becomes interesting. Next 
section presents the directions being followed by UNED to 
harness cloud technologies. 

IV. UNED’S CLOUD INFRASTRUCTURE 
In a similar fashion to the efforts reviewed in the previous 

section, UNED is planning to deploy an infrastructure relying 
on cloud technology. This infrastructure is intended to 
improve the way how students use the university resources 
while minimizing the power costs of such infrastructure. This 
infrastructure is aimed at two points. First, virtualized 
environments will be developed to allow students to do 
practical exercises easily in the field of networks and 
communications. Second, load forecasting techniques are 
being developed to improve on the usage of the technological 
infrastructures of UNED, so that the QoS experienced by users 
is kept and power consumption is minimized. These two 
points will be presented in this section. 

A. Networks and communications. 
This point is aimed at improving the way how the students 

of network subjects carry out practical exercises. That is, for 
the network courses in the Engineer Education, students must 
install and configure a number of networking services such as 
DHCP, DNS, Active Directory, LDAP, or web servers, along 
with the configuration of the computers acting as clients of 
those services. This is done under both Windows and Linux 
operating systems. For the servers, Windows Server and 
Ubuntu Server are used. For the clients, Windows XP and 
Ubuntu are used. 

Before, students had to install virtual machines (VM) in 
their own computers. The way how to set up the virtual 
network topology linking all the VMs is error prone. Besides, 
running all the VMs at the same time in the same computer 
leads to problems regarding the power of the student’s 
computer (shortage of memory and CPU power to run all the 
VMs). The evaluation process was also difficult since students 
had to submit their configured VMs to the university lecturers 
so that they were appropriately tested.  

Now, all the VM are kept at the university cluster of 
computers, where they are executed. So, students just need an 
internet connection to carry out the practical exercises, they 
can configure their VMs according to the exercises and store 
the modified VMs in the cluster. 

Figure 1 presents the architecture under development at 
UNED. In this architecture, all the infrastructure is executed in 
the university machines (a cluster made of a number of 
computers). This cluster is managed by OpenNebula [1], [6] 
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which is entrusted with the VM startup, monitoring, and 
migration. One of the machines in the cluster is the front end, 
which runs the OpenNebula services. The other machines are 
the worker nodes, which provide the physical resources to 
VMs. All the machines in the cluster are interconnected and 
share a file system, so that all of them have easy access to all 
the VM images.  

In the worker nodes, the virtual infrastructure for each 
student is deployed. As the figure depicts, each student has a 
virtual network made of four VMs interconnected by means of 
a virtual switch. This virtual network is created by means of 
VirtualBox [21]. Authors have chosen this configuration 
because VirtualBox has been traditionally used to create 
virtual networks in the students’ computers, thus the upgrade 
to the architecture presented in this paper does not represent a 
major change for students.  

Work on studying other ways of implementing the virtual 
network is among the future work. In the case that all the 
worker nodes are busy, rather than degrading the QoS of the 
already connected students or rejecting students willing to 
start a new session, our architecture will contact a public cloud 
(such as Amazon EC2 [4]) and will create the students’ VMs 
there. This is done by means of the OpenNebula’s public 
cloud interface. This way, our architecture provides 
scalability, regardless of how many students are connected at 
any given moment.  

This architecture is being developed at UNED, and will 
provide the following advantages: (1) this architecture moves 
computational complexity away from students, who just need 
an internet connection to carry out the network exercises; (2) 
this architecture provides scalability, since when UNED’s 
machines are loaded a public cloud provider will be used  

to host the VMs of new connected students; (3) this 
architecture reduces the power consumption of the cluster of 
machines, since machines can be shut down in the absence of 
connections, and turned on when needed. 

B. Load forecasting. 
Along with the architecture presented in the previous 

section, we are working on how to predict in advance the load 
that UNED’s technological infrastructure will have. 
Forecasting the load of the technological infrastructures is a 
key issue in cloud computing in order to perform more 
efficient resource provisioning [8]. To this end, we are 
developing a load prediction technique based on Exponential 
Smoothing.  

Exponential Smoothing (ES) [22] is a simple prediction 
method based on historical and current data that works very 
good in practice [23]. ES is a procedure for continually 
revising a forecast in the light of more recent experience. In 
this way, ES assigns exponentially decreasing weights as the 
observations get older. In this point, recent observations are 
given relatively more weight in forecasting that the older ones. 

There are several types of ES’s. In this work a triple 
exponential smoothing is used, which is also named Holt- 
Winters [22]. With this kind of ES the trend and seasonality of 
data are taken into account for the predictions. Trend refers to 
the long term patterns of data (e.g. sales of a toy may show a 
linear upward trend if they increase by 1 million Euros a year), 
whilst seasonality is defined to be the tendency of time-series 
data to exhibit behavior that repeats itself every L periods (e.g. 
sales of a toy may increase near Christmas and decrease 
afterwards, every year). The reason for choosing an ES which 
takes into account the trend and seasonality is because our 
data may present both behaviors. For example, in one day log 
of CPU load, there is a seasonality of having less CPU load 
percentage at night hours. There is also a 4 months 
seasonality, since the CPU load increases as exams get closer 
(e.g. students access the online courses more frequently) and 
decreases afterwards. Moreover, there is a one year 
seasonality, since the same CPU variations happen every year, 
and this is depicted in Figure 2 (keep in mind that exams 
periods in Spain are in September, February, and June). 
Furthermore, number of students in our University increases 
every year, which reflects a trend. 

The forecasting method used is presented in Equation 1. At 
the end of a time period t, and being xt the observed value of 
the time series at time t (in our case, the CPU usage), then ft+m 

is the forecasted value for m periods ahead, Tt  is the trend of 

 
Fig 1. VMs structure. 

Fig 2. Variation of the load of the technological infrastructure of  
UNED over time. 
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the time series, Lt is the deseasonalized level, and St is the 
seasonal component. 
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The deseasonalized level Lt is calculated following the 

Equation 2. The trend of the time series Tt is the smoothed 
difference between two successive estimations of the 
deseasonalized level as Equation 3 depicts. Finally, the 
seasonal component (St) is calculated using the Equation 4. 
This expression means only a combination of the most 
recently observed seasonal factors given by the demand xt 
divided by the deseasonalized series level estimate Lt and the 
previous best seasonal factor estimate for this time period. 
Thus, seasonality indicates how much this period typically 
deviates from the period (in our case 4 months) average. So, at 
least one full season of data is required for computation of 
seasonality.  

In the equations, α, β and γ are constants that must be 
estimated in such a way that the mean square error is 
minimized. It is important to set a correct value for them to 
predict the behavior of resources and network as accurate as 
possible. In our work, the R program [23] is used for 
calculating these parameters with the aim of making the 
predictions as accurate as possible.  

Thanks to the presented load prediction technique, more 
efficient resource provisioning can be performed, which leads 
to better utilization of resources and lower power 
consumption. 

V. CONCLUSIONS AND FUTURE WORK 
Cloud technologies allow the efficient use of technological 

infrastructures, which is of great interest for e-learning. 
Thanks to clouds, scalable, fault-tolerant and green computing 
infrastructures can be developed. This paper presents the 
efforts being carried out by UNED (the largest university in 
Spain) to harness cloud technologies for e-learning purposes. 
This can be summarized as the development of (1) virtualized 
environments to allow students to do practical exercises easily 
in the field of networks and communications, and (2) load 
forecasting techniques to improve on the usage of the 
technological infrastructures of UNED, so that the QoS 
experienced by users is kept and power consumption is 
minimized. Thanks to this, ease of use, scalability, and 
reduced power consumption are achieved. 

We are currently working on implementing the techniques 
presented in this paper. For ease of implementation, the load 
forecasting technique will be first implemented and tested in a 
simulated environment using CloudSim [25] simulator.  

Regarding the virtualized environment in the field of 
networks and communications, work on adding a self-
evaluation module is another guideline for future work. 
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