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ABSTRACT 

This article describes the process for the implementation of a classification algorithm, in this case, the Naive 
Bayes algorithm, on a cluster in the cloud, the latter of which is a service provided by AWS Amazon. The algorithm is 
based on the theory of conditional probability or Bayes Theory, making the classification and also the prediction of missing 
data possible. To accomplish the object described it is important to have knowledge about SSHo. At the end a comparison 
will show what execution from the cluster actually provides with respect to implementation on a local machine, in order to 
determine which infrastructure proposal is more efficient for large volumes of data. 
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1. INTRODUCTION 

Today technologies should have a high capacity 
for data processing, but in fact for a lot of data, each year 
the information on the network increases exponentially so 
the ability to take advantage of it should be the same. To 
this end one of the most important resources are clusters 
and classification and evaluation algorithms,, etc.. Based 
on them we can develop new and exciting applications that 
delve into this issue that concerns the present and the 
future. 

In addition to the processing of information, 
currently almost every other process is also performed on 
the cloud as it is more efficient and flexible (being mobile 
it can be accessed from anywhere), space saving 
(companies no longer need to have large desks to store 
information), telecommuting (many companies have 
eliminated the daily routine of going to work as employees 
can now do their work from home) and it is safe (you can 
save jobs without the risk of losing data easily as opposed 
to storing them directly on a PC) [1]. Given all this it is 
not unusual that great information processing is also done 
on the cloud, and thus the concept of cloud computing was 
born, which is used by AWS Amazon for its cutting-edge 
technologies. Likewise, it has proven to have great 

capacity, and thanks to this its services are used in 
scientific and work applications. 

This article gives an overview of the concepts 
that must be considered to understand the functionality of 
what is expected to be accomplished and also a step by 
step explanation of what should be done to have a cluster 
available in the cloud and be able to implement a 
classification algorithm that takes into account various 
attributes as well as many examples in order to classify 
new data to be entered in a database (BD). The example 
that will be used to better understanding this problem is 
one of the most popular files on the Weka BD, the 
classification of lilies in each of their species. 
 
2. DESCRIPTION OF PROBLEM 

To launch an instance of a cluster on Amazon 
Web Services (EC2), achieving the correct settings to 
subsequently fit it to a classification algorithm and an 
example of data mining with big data can be shown. In the 
case of the classification of lilies, the Weka Database is 
available, in which several classified examples can be 
found, and most importantly a general description of the 
characteristics of the file and also the properties of each 
classification and class attribute, as shown in Figures 1 
and 2. 

 

 
 

Figure-1. File characteristics [2]. 
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Figure-2. Properties of a lily and class attribute. [2]. 
 

It is proposed for a future paper, depending on the 
analysis of results, to develop an application that 
contributes to the field of cognitive radio combining it 
with neural networks (pattern prediction) for network 
optimization. 
 
3. THEORETICAL FRAMEWORK 

Here the previous knowledge required 
understanding the dimension of the problem and correct 
implementation is given. 
 
 Cloud Computing 

The "cloud" or cloud computing is the term used 
to describe a group of networked computers that make a 
set of infrastructure, storage and processing application 
available to the user". [3] 

This type of storage is being used by corporations 
with whom we have daily contact such as Google and all 
the services they offer, or Yahoo; academically, it has 
become popular when it comes to "transporting" 
knowledge. 
 
 Amazon AWS 

"Amazon Web Services (AWS) is a dynamic and 
growing business unit of Amazon.com. Amazon Web 
Services has since early 2006 been providing companies 
of all sizes a cloud infrastructure web services 
platform"[4]. 
 
 AWS AmazonEC2 

It is a web service that provides a dynamic 
computing capacity (depending on what is needed) in the 
cloud, which facilitates the work of developers, also it 
allows to easily manipulate through an interface 
everything about the resources the user has in service, 
what is innovative about it is that it charges for the space 
used so often it may be more economical [5]. 
 
 Clustering 

"The process of clustering is the division of data 
in groups of similar objects. To measure the similarity 
between objects different forms of distance are often used: 
Euclidean, Manhattan, Mahalanobis distance, etc. 
Representing the data through a number of clusters 
involves the loss of detail, but allows simplifying them. 
Clustering is more an Automatic Learning technique, in 
which learning is performed unsupervised. "[6] 

Clustering currently plays a very important role 
in terms of data mining, web applications, biological 
algorithms, etc... 
 
 Classification algorithms 

"The classification algorithms are methods that 
given a set of training examples infer a model of the 
categories in which data are grouped, so that new 
examples can be assigned to one or more categories 
automatically using analogies to patterns of the model "[7] 

Such algorithms are used in data mining and even 
artificial intelligence as they allow pooling of data, for 
example, in the case of Artificial Intelligence and more 
specifically in artificial neural networks it allows 
prediction of patterns. 
 
 Bayes probability theory or conditional probability 

".. It is based on probability theory so, from an 
analytical point of view, the terminology used is complex 
and makes calculation of the various intermediate 
probabilities difficult. Specifically, it calculates the 
probability of giving as valid (positive or negative) a result 
is when it is in fact valid, P (a/p). This probability is called 
conditional "[8] 
 
 WEKA 

"Weka is an acronym for Waikato Environment 
for Knowledge Analysis, an environment for experimental 
data analysis that allows to apply, analyze and evaluate the 
most important data analysis techniques, mainly those 
from automatic learning, to any user data set "[9] 

Weka is developed in java so the implementation 
in this article is also developed in java. 
 
 Naive Bayes classification algorithm WEKA 
"...we can even make a correspondence between water 
testing and possible attributes or characteristics of a 
problem at hand. Therefore, this problem can be modeled 
as a supervised classification problem: given a new 
example, we calculate the probability of belonging to each 
class and stayed with the result that is most likely "[10]. 

As mentioned in the above description of the 
algorithm method, what it does is a comparison of all 
conditional probabilities that can go for each class given 
an example, when the highest probability of certain 
correspondance to an attribute is found it is assigned to the 
example, the process is repeated until the example has all 
its attributes grouped and then it goes to class attribute for 
the class to which it belongs to be assigned. 
 
 Parallel computing 

Computational parallelism is a solution in an 
attempt to improve the performance of a machine in each 
of its processes, and its functioning is basically a 
combination of software and hardware working 
simultaneously, thus achieving that while a processor for 
example performs a process or part thereof another (if 
possible) develops another process or part of the process 
the other processor. 



                                    VOL. 12, NO. 1, JANUARY 2017                                                                                                          ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                  70 

"The calculation of resources may include a 
single computer with multiple processors, or any number 
of computers connected by a network or a combination of 
the above. 

The computational problem usually shows 
features such as the ability to be divided into discrete 
pieces of work that can be solved simultaneously, run 
multiple program instructions at any point in time and 
solve in the shortest time with multiple computing 
resources. 

Parallelism has been employed for many years, 
especially for High Performance Computing. " [11] 
 
 Cognitive radio 

"According to Haykin," cognitive radio is an 
intelligent wireless communication system that is aware of 
its environment and uses the methodology ‘understanding-
by-building’ 'to learn from their environment and adapt its 
internal state to statistical variations in RF stimuli input 
making corresponding changes in certain operating 
parameters (e.g. transmit power, carrier frequency and 
modulation type) in real time, with two main objectives: to 
make efficient use of the spectrum and provide a highly 
reliable communication "[12] 
 
 Artificial neural networks 

"An artificial neural network (ANN) is a 
distributed computing scheme inspired by the structure of 
the human nervous system. The architecture of a neural 
network is formed by connecting multiple elementary 
processors, this being an adaptive system that has an 
algorithm to adjust their weights (free parameters) to meet 
the performance requirements of the problem based on 
representative samples."[13] 

One of the most important applications of 
artificial neural networks and also the one in which it 
performs better is in the identification and prediction of 
patterns, so it is ideal for application in the field of 
cognitive radio, and generally in network optimization. 
 
4. RESULTS OBTAINED 
 
 Amazon web services 

"Amazon Web Services provides a scalable, 
reliable and inexpensive infrastructure platform in the 
cloud that powers hundreds of thousands of businesses in 
190 countries around the world. With data centers in the 
United States, Europe, Brazil, Singapore, Japan and 
Australia, customers from all sectors enjoy various 
benefits such as low cost, agility, etc ... [14] 

AWS interface was used to create the account 
that would later access to the only user credentials for use 
later in the cluster configuration. 
 
 Amazon web services EC2 

Amazon Elastic Compute Cloud (Amazon EC2) 
is a web service that provides computing capabilities with 
changing size in the cloud. It is designed to provide 
developers web-based scalable cloud computing. 

The simple interface of Amazon Web Services 
EC2 allows to obtain and configure capacity with minimal 
friction. It provides complete control over computing 
resources and can run in the Amazon accredited 
computing environment. Amazon EC2 reduces the time 
required to obtain and boot new server instances to 
minutes, allowing to quickly scale capacity, either 
increasing or decreasing it, as its needs change. Amazon 
EC2 changes the economic model of computing, because 
we only have to pay for the capacity that is actually used. 
Amazon EC2 provides developers the tools to create 
resistant applications to common errors and isolate most 
common error cases. [5] 

The Amazon AWS EC2 service was used to 
verify each change that was made from the Ubuntu 
console. 
 
 Ubuntu 14.04 

Ubuntu is a GNU/Linux distribution based on 
Debian GNU/Linux. It aims to provide ease of use, 
freedom of use, regular releases (6 months), and ease of 
installation. Ubuntu is sponsored by Canonical Ltd. It 
contains applications such as a web browser, office suite, 
media apps and instant messaging, among others. It can be 
downloaded from: [15]. 
 
 Ubuntu console 14.04 

"The ubuntu terminal is a program like any other; 
it is a way for a user to communicate with the operating 
system at use. In the case of the Ubuntu terminal varied 
documentation can be found on the web about the 
commands that can be used so it is not required to know a 
programming language or be an expert. 
 
 StarCluster 0.95.6 

StarCluster is a utility that enables the creation, 
management and monitoring of computer clusters that are 
hosted on the Amazon Elastic Compute Cloud (EC2) 
service all through a master instance. Its main objective is 
to minimize the administration associated with the 
configuration and management of computer clusters used 
in research laboratories or general applications that use 
distributed computing. 

To use this tool a configuration file is created, 
detailing the Amazon Web Services account information, 
the AMI'S type to be used and additional features that we 
want to configure the cluster for. Later, the execution of 
the tool by using commands can be performed. [11]. 
Classification algorithms are methods that given a set of 
training examples infer a model of the categories in which 
data are grouped, so that one or more categories can be 
assigned to new examples automatically using analogies to 
patterns of the model"[7] 
 
 Python 2.7 

"Python is an object-oriented programming 
language that is simple but powerful, enabling rapid 
application development. It is an interpreted and highly 
modular language, so the development stage is greatly 
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reduced and also very easy to add new elements to the 
program later on"[17] 
 
 PIP 

"Pip is written in Python for easy downloading 
and installing language packages that are in the Python 
Package Index (PyPI) tool. It could be assumed that the 
initials come from Python Install Package, although there 
is no certainty of this. "[18]. 
 
 
 
 ECLIPSE 

"It's an IDE cross-platform developed by IBM. 
Currently it is maintained by the Eclipse Foundation, an 
independent nonprofit organization that promotes open 
source community and a set of products, skills and 
complementary services. In spite of it being written mostly 
in Java (except the core), it is run on virtual machine and 
its most popular use is as an IDE for Java. Eclipse is 
neutral and adaptable to any kind of language, such as C/C 
++, Cobol, C#, XML, etc. [19]. 

 MPICH Cluster 
MPICH is a high-performance and widely 

portable application. The objectives of MPICH are: (1) 
providing an MPI implementation that efficiently supports 
different computing platforms and communication, 
including commodity groups (desktops, shared memory 
systems, multicore architectures), high-speed networks (10 
Gigabit Ethernet, InfiniBand, Myrinet, Quadrics) and 
high-end property computer systems (Blue Gene, Cray) 
and (2) to enable cutting-edge research in MPI through an 
easy modular framework to extend to other derived 
implementations [20].  
 
5. IMPLEMENTATION 

To create a cluster with AWS amazon previous 
knowledge in Linux is required. First, create an account at 
Amazon, then start from ubuntu to develop steps for 
configuring the cluster. 

Once obtained the cluster from the master node 
the Qhost command is inserted to test the capacity of that 
cluster, as shown in Figure-3. 

 

 
 

Figure-3. Cluster capacity. 
 

Then the superuser mode must be entered to 
access the master node and then make known to the other 
nodes the created key and thus ensure that there is access 
from each node to the other, for it must first write from the 
sudo master node thereof, thus it will be in privileged 

mode, then enter the following command (Figure-4) for 
each node DNS. All this makes the process more agile to 
avoid entering the key whenever a new node is to be 
entered [21]. 

 

    

    Figure-4. Entering the starcluster interface for direct cluster operation.  
 
Finally, the nodes operation check is performed, as shown in Figure-5. 
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Figure-5. Checking performance of each node. 
 
6. IMPLEMENTATION OF A SEARCH  
    ALGORITHM 

A. To run a program on the cluster, the first thing to 
have is a java project that implements a classification 

algorithm, and then a jar or executable, to then check for 
proper operation by using the following command (Figure-
6). 

 

 
 

   Figure-6. Project folder. 
 
In Figure-7, the execution of the selected project is observed, for the implementation of the search algorithm. 
 

 
 

Figure-7. Execution of selected project. 
 
B. Then the project should be uploaded to each master node with the following command, which is shown in Figure-8 
node. 
 

 
 

Figure-8. Copying the project to the master node. 
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A result appears as shown in Figure-9: 
 

 
 

Figure-9. Copying the project to the master node completed. 
 
C. Then the project must be uploaded in each of the slave nodes using the command shown in Figures 10, 11 and 12. 
 

 
 

Figure-10. Copying to project to node 2. 
 

 
 

Figure-11. Copying to project to node 1. 
 

 
 

Figure-12. Copying to project to node 3. 
 
Verify that the files are uploaded entering sshmaster and listing the files on each node, as shown in Figures 13 and 14. 
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Figure-13. List of files located in the master node home. 
 

 
 

Figure-14. List of files located in the node 3 home. 
 

4. To run the project the MPICH2 plugin should 
be operational before and then it must be enabled in the 

cluster configuration file. Then the following command 
(Figure-15) must be entered to run the plugin. 

 

 
 

Figure-15. Command to run the mpich2 plugin. 
 
And then only the numbers should be deleted at the beginning of the two lines that relate to the plugin as shown below in 
Figure-16. 
 

 
 

Figure-16. Modifying the cluster configuration file. 
 

5. Now the only step missing is running the 
project with the following command (Figure-16), it is 

necessary to take into account that is must be found in the 
project folder. 
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Figure-17. Running the project from the master node. 
 
7. SEARCH ALGORITHM 

The algorithm imports the necessary libraries, as 
shown in Figure-18: 
 

 
 

Figure-18. Libraries imported to the project. 
 

The following procedures are then conducted 
(Figure-19): 

 

 
 

Figure-19. Project main. 
 

In the first two lines of the main the file to be 
classified is uploaded, in the specific case study, the iris. 
arff file is taken, as shown in Figure-20, in the following 
two lines, the classification structure is created, i.e. 
attributes and class, and in the last lines, the algorithm is 
trained with the Bayes resource given by the weka library. 
A DFD will not be used since the processes are just file 
uploads and method calls from the WEKA library. 
 
8. DISCUSSIONS OF RESULTS 

The implementation of the algorithm in a 
clustering environment and in the cloud reduces the 
execution time considerably, because as seen in the 
libraries that starcluster depends on, the execution of an 
algorithm is performed in parallel between the slave nodes 
and master node. The runtime on a normal PC with any 
development environment is quite high and especially 
when you have a lot of data and/or many iterations. 

The algorithm itself functions as its objective 
implies and is able to classify a new example of a lily. 

Regarding time, which is one of the objectives to 
be achieved when running an application in this way, the 
following results are obtained, Figure-20: 
Execution time in cluster: Figure-20. 

 

 
 

Figure 20. Execution time in cluster. 
 
Execution time in Ubuntu console Figure-21. 
 

 
 

Figure-21. Execution time in Ubuntu console. 
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As can be seen in Figures 20 and 21, the 
difference between the runtime in the cluster and ubuntu is 
very large, in this case for this algorithm the difference is 
more than one second. After these results it is easy to 
conclude that the implementation of an application that 
works in the field of cognitive radio would make a big 
difference, so the proposal is very viable. 
 

6. CONCLUSIONS 
 To make the implementation of a cluster in the cloud 

AWS Amazon is available, subsequently, to manage 
from Ubuntu everything related to the Amazon EC2 
Console several libraries should be avaiable although 
it is a long process, the results are as expected, 
demonstrating that the gain in execution time is 
monumental. 

 The services provided by tools such as AWS Amazon 
EC2 are ideal when developing applications that are 
related to high levels of processing such as data 
mining. 

 Weka classification algorithms help with the process 
of understanding and implementing Data Mining 
processes, plus there are documents and even an 
application that helps see the simulation of several of 
these algorithms, not only classification but 
evaluation and other important processes for the 
development of technologies at the forefront today. 

 The problems of making cluster creation are presented 
usually by outdated libraries or lack thereof so care 
must be taken to begin the process. 

 Implementin the algorithm in the cluster is relatively 
simple, so attention must be on ensuring that when 
uploading the project to each node it works properly, 
in addition to it being the proper one for the problem 
to be solved. 

 Being a relatively new field, advances in cognitive 
radio are easily exploitable, but to make maximum 
use and also perform quality processes, it needs to be 
linked with other technologies that are at the forefront 
such as parallel computing, data mining, cloud 
computing and clustering, all of which are ideal to 
achieve the results that are sought. 
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