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Abstract
Data mining is an automatic extraction of useful, often
previously unknown information from large databases or data
sets. The data collected from the real world applications
contain lots of erroneous data. Data preprocessing is an
important technique in data mining to rectify the erroneous
data present in the dataset. Many data mining applications
contain high dimensional data. The High dimensionality
decreases the performance of the mining algorithms and
increases the time and space required for processing the data.
The high dimensionality issue is resolved using the
Dimensionality Reduction (DR) technique. The DR is divided
into two: feature selection and feature extraction. In this
paper a detail survey has been carried out to know how the
dimensionality problem has solved by using the two different
techniques. And also various statistical measures are
explained to select the most relevant features and different
statistical techniques are analysed to extract the new set of
features form the original features
Keywords:- Dimensionality Reduction, Feature Selection,
Feature Extraction, Principal Component Analysis, Principal
Feature Analysis, Linear Discriminant Analysis.

1. INTRODUCTION
In recent years, lot of improvement in the database
technology leads to generation of large volume of digital
data. The increase of data size becomes a great
challenging task for the humans to discover or to extract a
valuable information. With the help of data mining
technique this task became an easiest one. Data Mining is
the process of searching valuable information in a large
volume of data stored in many databases, data warehouses
or any other information repositories [1]. This technique
is a highly interdisciplinary area spanning from a range of
disciplines like Statistics, Machine Learning, Databases,
Pattern Recognition and others. Different terms are being
used for data mining technique in the literature, such as
knowledge mining from databases, knowledge extraction,
data/pattern analysis, data archaeology, and data
dredging. Many data mining applications contains the
dataset with huge amount of data. The increase of data
size in terms of number of instances and number of
features become a complex task to perform the analysis.
This is due to the curse of dimensionality. Dimensionality
reduction is an important research area in the field of
pattern recognition, machine learning, data mining and
statistics. The main objective of dimensionality reduction
is to transform the high dimensional data samples into the
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low dimensional space such that the intrinsic information
contained in the data is preserved. Once the
dimensionality gets reduced, it helps to improve the
robustness of the classifier and it reduces the
computational complexity. Figure 1 shows the
dimensionality
reduction
process.Dimensionality
reduction can be achieved in two different ways namely,
Feature selection and Feature extraction.

High
Dimensional
Dimensionality
Reduction Technique

Low
Dimensional

Data for Processing

Figure 1. Dimensionality Reduction Process

2. FEATURE SELECTION
Feature selection is a technique which is used to find the
good quality of relevant features from the original dataset
using some objective measures. Nowadays, Feature
Selections have become challenging issues in the field of
Pattern Recognition [2] Machine Learning [3], Data
Mining [4] and Case-Based Reasoning [5].
Feature Selection is a process of finding an optimal or
suboptimal subset of x features from the original X
features. It requires a large search space to obtain the
optimal feature subset. The optimal feature subset is
measured by evaluation criteria. The main objective of the
feature selection is to reduce the number of features and to
remove the irrelevant, redundant and noisy data [6]. By
reducing the features, one can reduce the system
complexity, overfitting of learning methods and increase
the computational speed.
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3. FEATURE SELECTION PROCEDURE
The feature selection procedure includes four important
key steps; subset generation, subset evaluation, stopping
criterion and result validation [7] which are shown in
Figure 2.

ISSN 2278-6856

applications, the relevant features are known beforehand,
a comparison is done between the known set of features
with the selected features [Lad, 2011]. However, in most
real-world applications, the prior knowledge about the
data is not available. In such case, the validation task is
performed by an indirect method. For example, the
classifier error rate test is used as an indirect method to
validate the selected features. The error rate on the full set
of features and the same on the selected set of features are
compared to find the goodness of the feature subsets.

4. FEATURE SELECTION APPROACHES
The feature selection approaches are broadly classified
into three types. They are, Filter Approach [8], Wrapper
Approach [9] and Hybrid Approach [10].
4.1 Filter Approach
In Filter approach [12], a statistical measure is used as a
criterion for selecting the relevant features. This approach
is computed easily and very efficiently.
3.1 Subset Generation
It is a search process that generates the candidate feature
subset using certain search strategy. The process has two
basic issues. They are, search direction and search
strategy. Firstly, a starting point must be selected which in
turn influences the search direction. The search directions
are divided into forward search, backward search and bidirectional search [Liu, 1998]. The search process starts
with an empty set and adds the features progressively one
by one (forward search) or starts with full sets and
removes the features one by one (backward search) or
starts with both ends and adds and removes the features
simultaneously(bi-directional search). Secondly, a search
strategy must be decided. The search strategies are
categorized into complete search, sequential search and
random search [7].
3.2 Subset Evaluation
In subset evaluation, the evaluation criterion is used to
evaluate each newly generated subset. The evaluation
criterion is used to determine the goodness of the subset
(i.e., an optimal subset selected using one criterion may
not be optimal according to another criterion). The
evaluation criteria are divided into Independent,
Dependent and Hybrid criteria[8]
3.3 Stopping Criteria
It is used to stop the feature selection process. The feature
selection process may stop under one of the following
criteria [7]. A predefined number of features is selected,
A predefined number of iterations is reached, In case,
addition (or deletion) of a feature fails to produce a better
subset, An optimal subset according to the evaluation
criterion is obtained.

Figure 3. Filter Approach in Feature Selection
4.2 Wrapper Approach
In Wrapper approach [12] a learning algorithm is used to
select the relevant features.
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Figure 4. Wrapper Approach in Feature Selection

3.4 Validation
The validation process is used to measure the resultant
subset using the prior knowledge about thedata. In some
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4.3 Hybrid Approach
The Hybrid approach is developed by combining the above
filter approach and wrapper approach to handle larger
datasets. In this approach the feature set is evaluated using
both independent measure and a data mining algorithm.
The independent measure is used to choose the best subset
for a given cardinality and the data mining algorithm
selects the finest subset among the best subsets across
diverse cardinalities [13]. Figure 5 shows the Hybrid
approach.
Hybrid Approach
Independent Metric
Evaluation
Pre-Selected
Features

Original
Feature set

Estimated
Accuracy

Learning
Algorithm

Figure 5. Hybrid Approach in Feature Selection
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label. Secondly,maximizing the mutual information
between the features andthe class labels minimizes a lower
bound on the classificationerror [4].

where
p(x, y) - joint probability distribution function of X and Y.
p(x) and p(y) - marginal probability distribution function
of X and Y.
5.3 Information Gain (IG)
It is a symmetrical measure. The information gained about
Y after observing X is equal information gained about X
after observing Y. The formulation is given below [14].

5.4 Gain Ratio (GR)
It is a non- symmetrical measure. The IG measure is
normalized by dividing by the entropy of X. By this
normalization the GR measure has only two values 0 and
1. If it indicates 1, then it shows that X completely
predicts on Y. If it has the value 0, there is no relation
between Y and X [14]. The GR measure is defined by

5. STATISTICAL MEASURE USED TO FIND THE
FEATURE SELECTION
5.1 Information Theory
Information theory provides a platform for various
machine problems. In feature selection information theory
methods are applied in the filter method. The usage of
information theory is found in various feature ranking
measures. In this theory, the filter methods use ranking
criteria based on the statistical measures which are shown
below. In the following formulation Fi refer to features and
c1 and c2 refer to classes [14].
Shannon Entropy

Euclidean Distance

Kolmogorov Dependence

5.5 Symmetric Uncertainty (SU)
The symmetric uncertainty measure compensate for the
inherent bias of IG by dividing the entropies of X and Y.
The SU falls to the range 0 and 1. SU = 0 indicates that X
and Y are uncorrelated, and SU = 1 means that the
knowledge of one attribute completely predicts the other
[14]

5.6 Correlation- Based Feature Selection
It ranks the feature based on the correlation measure. The
formulation is shown below [14]

where

Entropy Measure

5.2 Mutual Information
Mutual information provides suitable criterion for
featureselection. Firstly, the mutual information is a
measure used forreducing the uncertainty of the class
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5.7
- Statistics (CHI)
The chi-square statistics evaluates the correlation
betweentwo variables and determines whether they are
independent orcorrelated [4]. The test result determines
whether they arepositively correlated or not
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6. FEATURE EXTRACTION
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Step
1

Calculate the Mean:

Step
6

(dimensionality reduction step) keep only the terms
corresponding to the K largest Eigenvalues:

The feature extraction technique is used to obtain the most
relevant information from the originaldata and represent
that information in a lowerdimensionality space. This
technique is used to select a new set of features.
Thefeature transformation may be a linear or nonlinear Step Subtract the Mean from variables
combination of original features. The features are 2
(N x M
Step Form the Matrix A= [Ф1, Ф2,…. ,ФM]
extracted using the following methods.
matrix), then compute:
3
6.1 Principal Component Analysis
Principal Component Analysis (PCA) [15] is a classical
statistical technique which is widely used to reduce the
dimensionality of a dataset consisting of enormous amount
of interrelated variables. PCA reduces the dimensionality
(sample covariance matrix, NxN, characterizes the
by transforming the original dataset into a new set of
scatter of the data)
variables, called principal components, where the largest Step Calculate the Eigenvalues of
variance present in the original dataset is captured by the 4
highest component in order to extract the most important Step Calculate the Eigenvectors
information. To show the workings of PCA, consider two 5
dimensional dataset (p, q) with fifty observations. Figure 6 Since C is symmetric,
form a basis, (i.e., any
shows the plot of fifty observations on the two variables p, vector x or actually y
, can be written as a linear
q that are highly correlated and Figure 7 show the combination of the Eigenvectors):
transformed dataset using these principal components.

Figure 6 Plot of 50 Observations on Two Variables p, q

Figure 7 Transformed Dataset of Figure 6
The computational steps of the PCA algorithm is given
below,
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6.2 Principal Feature Analysis
The Principal Feature Analysis (PFA) [16] technique is
derived from the Principal Component Analysis (PCA). It
is an unsupervised technique. Let P be a zero mean mdimensional random feature vector and consider X be the
covariance matrix. Let D be a matrix whose columns are
the orthonormal Eigenvectors of the matrix X.

where λ1, λ2,….., λm, be the eigenvalues of X. Let Dq be
the first q column of D. Let V1, V2, V3…Vn Є Rm be the
rows of Dm. Each vector Vi represents the projection of
the ith feature of the vector P. To find the best subset, row
vector Vi is used to cluster the features which have a high
correlated measure. Finally, relevant features are obtained
from each cluster to form a feature subset. The algorithm
is summarized in the following five steps:
Step 1: Calculate the sample covariance matrix or true
covariance matrix. In few cases correlation matrix is
preferred to use instead of covariance matrix. The
correlation matrixes is computed by
Step 2: Calculate the Principal components and
eigenvalues of the Covariance/ Correlation matrix by
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Step 3: Matrix Dq is constructed from D by choosing
the subspace dimension q. This can be chosen by deciding
how much of the variability of the data is desired to be
retained.
Step 4: Cluster the vector into p clusters using the KMeans algorithm. Euclidean distance is used as a distance
measure in K-Means algorithm.
Step 5: Find the corresponding vector Vi from each
cluster which is closest to the mean of the cluster. Choose
the corresponding features, Si, as a principal feature. This
step yields the choice of p features.
6.3 Fisher Criterion
Fisher score is one of the simplest criterions used for
feature selection algorithms [17]. In this criterion, the
features having the similar values in the same class and
the dissimilar values in different classes are selected. The
Fisher score is calculated using the formula in equation
(2.1)
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where,
Xi is the index set of ith class,
ci is the mean vector of ith class.

7. CONCLUSION
In this paper, a study has been carried out to know how
the high dimensionality problem has been solved using
different dimensionality reduction Techniques. This paper
gives a complete knowledge about how the features was
selected and extracted using feature selection and feature
extraction techniques respectively. In feature selection
technique the most relevant features are selected using
statistical measure and some of the statistical measure are
explained in detail. In feature extraction technique the
new feature were obtained from the original features using
the various statistical techniques and most popular
statistical techniques were explained in detail. Hence this
paper will help the beginners who were doing research in
the dimensionality reduction techniques.
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