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Abstract
In the world of technology the term Big Data has emerged with new opportunities and
challenges to deal with the massive amount of data. Big Data is a collection of massive
and complex data sets and data volume that include the huge quantities of data, data
management capabilities, social media analytics and real-time data. To find the useful
information from massive amount of data to organizations, businesses, companies, vendors, we need to analyze and classify the data. Initially, in this paper we have provided
an in-depth analysis of 5Vs characteristics of Big Data. In addition, we have used a
comparison methodology for the two well-known classifications Naïve Bayes and J48
decision tree algorithms by using QoS parameters: accuracy, sensitivity and specificity.
These results will help us deriving the conclusion for which of two algorithms are the
best.
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1. Introduction
Big Data can be structured, unstructured or semi-structured. Data can be generated on web in various forms like texts,
images or videos or social media posts. Big Data is something so huge and complex that it is impossible for traditional
systems and traditional warehousing tools to process and work on them. Data is generated by machines, generated by
humans and also generated by mother nature. Big Data can neither be worked upon by using traditional SQL like queries
nor can the relational database management system (RDBMS) be used for storage [2][3]. Hadoop, an open source distributed data processing system is one of the prominent and well known solutions. [4] The need of Big Data comes from
the enterprises and vendors for the purpose of the analysis of big amount of data which is in unstructured form.
1.1. Characteristics
Big Data can be described by the following characteristics, see Figure 1:
1.1.1. Volume
Volume refers to amount of data. Volume of data stored in enterprise repositories have grown from megabytes and gigabytes to petabytes. 40 zettabytes of data will be created by 2020 which is 300 times from 2005. The social networking
sites existing are themselves producing data in order of terabytes every day and this amount of data is definitely difficult
to be handled using the existing traditional system. [1]
1.1.2. Velocity
Velocity in Big Data is a concept which deals with the speed of the data coming from various sources and the speed at
which data moves around. [1]
1.1.3 Variety
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The next aspect of Big Data is its variety. Big Data is not always data and it is not always easy to put big data into a relational database. Dealing with a variety of structured and unstructured data greatly increase the complexity of both sorting
and analyzing Big Data. [2]
1.1.4. Veracity
When we are dealing with a high volume, velocity and variety of data, it is not possible that all of the data is going to be
100% correct, there will be dirty data. The quality of data being captured can vary greatly. The data accuracy of analysis
depends on the veracity of the source data. [3]
1.1.5. Value
Value is the most important aspect in the big data. Though, the potential value of the Big Data is huge. It is all well and
good having access to big data but unless we can turn it into value it is become useless. [4]

Figure 1. 5Vs of Big Data

2. Hadoop: Solution for Big Data Processing
Hadoop is a Programming framework used to support the processing of large data sets in a distributed computing environment. [4] Hadoop was developed by Google’s MapReduce that is a software framework where an application breaks
down into various parts. The currect Apache Hadoop ecosystem consists of the Hadoop Kernel, MarReduce, HDFS and
numbers of various components like Apache Hive, Base and Zookeper. HDFS and MapReduce are explained in the following points, see Figure 2.

Figure 2. Hadoop Architecture
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2.1. HDFS Architecture
Hadoop includes a fault-tolerant storage system called Hadoop Distributed File System, or HDFS. HDFS is able to store
huge amounts of information, scale up incrementally and survive the failure of significant parts of the storage infrastructure without loosing data. Hadoop creates clusters of machines and coordinates work among them. Clusters can be built
with inexpensive computers. If one fails, Hadoop continues to operate the cluster without loosing data or interrupting
work, by shifting work to the remaining machines in the cluster. HDFS manages storage on the cluster by breaking incoming files into pieces, called “blocks” and storing each of the blocks redundantly across the pool of servers. In the
common case, HDFS stored three complete copies of each file by copying each piece to three different servers as shown
in Figure 3.

Figure 3. HDFS Architecture

2.2. MapReduce Architecture
The processing pillar in the Hadoop ecosystem is the MapReduce framework. The framework allows the specification of
an operation to be applied to a huge data set, divide the problem and the data, and run it in parallel, shown in Figure 4. From
an analyst’s point of view, this can occur on multiple dimensions. For example, a very large dataset can be reduced into a
smaller subset where analytics can be applied. In a traditional warehousing scenario, this might entail an ETL operation on
the data to produce something usable by the analyst. In Hadoop, these kind of operations are written as MapReduce jobs in
Java. There are number of higher level languages like Hive and Pig that make writing these programs easier. There are two
functions in MapReduce as follows:
 map – the function takes key/value pairs as input and generated an intermediate set of key/value pairs

 Reduce – the function which merges all the intermediate values associated with the same intermediate key


Figure 4. MapReduce Architecture
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3. Related Work
[1] illustrated that in olden days data was less and easily handled by RDBMS but recently it is difficult to handle huge data
through RDBMS tools, which is preferred as “big data”. In this they told that big data differs from other data in 5 dimensions such as volume, velocity, variety, value and complexity. They illustrated the hadoop architecture consisting of name
node, data node, HDFS to handle big data systems.
[2] enhanced us with the knowledge that Big Data is combination of stuctured, semi-structured homogenous and heterogeneous data. The author suggested to use nice model handle transfer of huge amount of data over the network. Under this
model, these transfers are relegated to low demand periods where there is ample, idle bandwidth available. This bandwidth
can then be repurposed for big data transmission without impacting other users in system.
[3] used Hadoop which is currently the large – scale data analysis “ hammer” of choice, but there exists classes of algorithms that aren’t “ nails” in the sense that they are not particularly amenable to the MapReduce programming model . He
focuses on the simple solution to find alternative non-iterative algorithms that solves the same problem.
[5] introduced Big Data Mining as the capability of extracting useful information from these large datasets or streams of
data that due to its volume, variability and velocity it was not possible before to do it.
[4] stated that streaming data analysis in real time is becoming the fastest and most efficient way to obtain useful
knowledge, allowing organizations to react quickly when problem appear or detect to improve performance. Huge amount
of data is created everyday termed as “big data”. The tools used for mining big data are apache hadoop, apache big, cascading, scribe, storm, apache hbase, apache mahout, MOA, R, etc. Thus, he instructed that our ability to handle many
exabytes of data mainly dependent on existence of rich variety dataset, technique, software framework.

4. Methodology and QoS for data classifications
In this paper, two classifiers, Naï
ve Bayes algorithm and J48 decision tree algorithm are used for comparison. Comparison
is made on accuracy, sensitivity and specificity using true positive and false positive in confusion matrix generated by the
respective algorithms. In this paper, we have used weka (Waikato environment for knowledge analysis) tool for comparison of naï
ve bayes and J48 algorithm and calculating efficiency based on accuracy regarding correct and incorrect instances generated with confusion matrix. We have used here bank-data-train.arff for data classification available on web
URL http://www.cs.bme.hu/~kiskat/adatb/bank-data-train.arff . This bank relation consists of attributes age, gender, region, income, married, children, car, mortgage, pep with 300 instances.
4.1. Decision tree algorithm J48:
J48 classifier is a simple C4.5 decision tree for classification. It creates a binary tree. The decision tree approach is most
useful in classification problem. With this technique, a tree is constructed to model the classification process. Once the tree
is built, it is applied to each tuple in the database and results in classification for that tuple. One example of decision tree is
shown in the Figure 5.

Figure 5. Example of a decision tree generated by the induction algorithm J48, available in the Weka program
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Algorithm J48:

While building a tree, J48 ignores the missing values i.e. the value for that item can be predicted based on what is known
about the attribute values for the other records. The basic idea is to divide the data into range based on the attribute values
for that item that are found in the training sample. J48 allows classification via either decision trees or rules generated from
them.
4.2. Naï
ve Bayes classifier
The Naï
ve Bayes algorithm is a simple probabilistic classifier that calculates a set of probabilities by counting the frequency and combinations of values in a given data set. The algorithm uses Bayes theorem and assumes all attributes to be
independent given the value of the class variable. This conditional independence assumption rarely holds true in real world
applications, hence the characterization as Naï
ve yet the algorithm tends to perform well and learn rapidly in various
supervised classification problems. Naï
ve Bayesian classifier is based on Bayes’ theorem and the theorem of total probability The probability that a document with vector =< 1,…,> belongs to hypothesis:

Here, ( 1| ) is posterior probability, while ( 1) is the prior probability associated with hypothesis
hypothesis, we have:

1.

For

different

Thus, we have:

4.3. Confusion matrix
A confusion matrix illustrates the accuracy of the solution to a classification problem. Given n classes a confusion matrix
is a
matrix where , indicates the number of tuples from D that were assign to class , but where the correct
class is .

5. Methodology and experimental work
We have performed classification using Naï
ve Bayes algorithm and J48 decision tree algorithm on bank-data-train.arff
dataset in weka tool provide inbuilt algorithms for Naïve Bayes and J48.
5.1. Results for classification using J48:
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Mortgage attribute has been chosen randomly for bank data set. J48 is applied on the data set and the confusion matrix is
generated for class gender having two possibilities i.e. YES or NO, see Table 1.
Table 1. Confusion Matrix using J48 Algorithm
YES
NO
a
33
25
b
72
170

For above confusion matrix, true positives for class a=”YES” is 33 while false positives is 72 whereas, for class b=”NO”,
true positives is 170 and false positives is 25 i.e. diagonal elements of matrix 33+170=203 represents the correct instances classified and other elements 25+72=97 represents the incorrect instances. The true and false positive rate for
class a and b using J48 algorithm are shown in the Table 2.

Table 2. True and False positive rate
TP rate
0.314
0.871

a
b

FP rate
0.128
0.685

For above confusion matrix, true positive rate for class a is 0.314 while false positive rate is 0.128, whereas, true positive
rate for class b is 0.871 while false positive rate is 0.682 i.e. diagonal elements of matrix 0.314+0.685=0.999 represents the
correct instances classified and other elements 0.871+0.128=0.999 represents the incorrect instances. The precession for
class a and b using J48 algorithm is shown in the Table 3.

Table 3. Precession and F-Measure
Precession
F-Measure
a
0.568
0.404
b
0.702
0.778

For above confusion matrix, the precision for class a is 0.568 while F-Measure is 0.128, whereas, the precision for class b
is 0.702 while F-Measure is 0.778 i.e. diagonal elements of matrix 0.568+0.778=1.346 represents the correct instances
classified and other elements 0.702+0.404=1.106 represents the incorrect instances.

5.2. Results for classification using Naïve Bayes:
Here same, Mortgage attribute has been chosen for bank data set. Naïve Bayes is applied on the data set and the confusion
matrix is generated for class gender having two possible values i.e. YES or NO, see Table 4.
Table 4. Confusion Matrix using Naïve Bayes Algorithm
a
b
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For above confusion matrix, true positives for class a= “YES” is 10 while false positives is 95 whereas, for class b= “NO”,
true positives is 174 and false positives is 21 i.e. diagonal elements of matrix 10+174=184 represents the correct instances
classified and other elements 95+21=116 represents the incorrect instances. The true and false positive rate for class a and
b using Naï
ve Bayes algorithm are shown in the Table 5.
Table 5. True and False positive rate
a
b

TP rate
0.095
0.892

FP rate
0.108
0.905

For above confusion matrix, true positive rate for class a is 0.095 while false positive rate is 0.108, whereas, true positive
rate for class b is 0.892 while false positive rate is 0.905 i.e. diagonal elements of matrix 0.095+0.095=0.19 represents the
correct instances classified and other elements 0.892+0.108=1 represents the incorrect instances. The precession for class
a and b using Naï
ve Bayes algorithm is shown in the Table 6.
Table 6. Precession and F-Measure
a
b

Precession
0.323
0.647

F-Measure
0.147
0.75

Though results of cost and benefit analysis for mortgage is same for J48 and Naïve Bayes, but in case of gender
cost/benefit analysis for J48 is lesser than that of Naïve Bayes as shown in the table and chart below (Table 7, Figure 6).
Table 7. Analysis of gender cost/benefit
Cost of J48
Cost of Naïve Bayes
Male
142
155
Female
144
147

For above confusion matrix, Cost of J48 for male is 142 while for female is 144, whereas, cost of Naïve Bayes for male is
155 while for female is 147.

Figure 6. Analysis of gender cost/benefit

6. Conclusion and future work
From above experimental work we can conclude that correct instances generated by J48 are 203 and Naïve Bayes are 184,
as well as performance evolution on the basis of matage is as shown in the Table 8.
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Table 8. Performance evolution on the basis of mortgage
Classification Accuracy
Cost Analysis
Naïve
Naïve
Mortgage
J48
J48
Bayes
Bayes
YES
9%
31 %
105
105
NO
89 %
87 %
195
195

This proves that the J48 is a simple classifier technique to make a decision tree. Efficient result has been taken from bank
dataset using Weka tool in the experiment. Naï
ve Bayes classifier also shows good results. The experiments results
shown in this study are about classification accuracy and cost analysis. J48 gives more classification accuracy for class
mortgage in bank dataset having Boolean data type. Though here in this example, cost analysis valued same for both
classifications with gender attribute, we can conclude that J48 is cost efficient than the Naïve Bayes classifier.
For future work, we will compare the decision tree algorithm J48 with other classification algorithms.
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