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Abstract: Recent decade has seen a great revolution in
digital technology with state of art technologies and devices
to handle, store and transmit information across wired and
wireless media on a global basis. With increasing research
in digital techniques, high definition media content are
being observed in almost all commercial applications. High
definition data may be an image, audio or video and give an
in-depth detail about the subject under study. Real time
utility of high definition data has invoked the concepts of big
data and cloud computing in recent time. Extraction of
useful knowledge from these data obtained from multiple
sources forms the core concept of data mining. This review
paper provides a comprehensive survey of recent and state of
art techniques in mining useful information from big data
especially using cluster computing approaches.
Keywords: Data Mining, Cluster Computing,
Definition Multimedia, Cloud Computing, Big Data.

I.

High

INTRODUCTION

Digital technology has undergone a rapid
transformation and may be termed suitably as
revolution with conventional data handling, storing and
communication protocols and devices getting a
complete makeover with recent techniques and
strategies. For example, high resolution satellite
imagery being used to forecast changes in the terrain,
weather conditions etc. on a real time basis has invoked
use of high definition image and video acquisition
technologies and their continuous transmission to earth
stations has necessitated suitable storage mechanisms
for storing the bulk data. This has led to the advent of
big data which is a compilation of composite data from
multiple acquisition sensors and sources. A further
derivative of above concept has paved the way for cloud
computing where users could access data any time at
any place on the globe through service providers.
However, in spite of all the above perspectives, the
objective of this review paper lies in dealing with data
mining [7] or extraction of useful and meaningful
information from the composite pool of data available
in a storage database or cloud environment. Data
obtained from multiple sources are available as a pool
and systematic extraction of information through
mining transforms the extracts into structured
information providing much required clarity and
understanding to the user. Further, the obtained
information is considered meaningful as mining
involves extraction by identifying suitable patterns
which are similar to each other in the composite pool.
Applications of data mining vary over a wide ranging
starting from regression analysis to predictions of stock
markets, forex services, anomaly [26] and intrusion
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detection in networks and systems, evaluation of project
risk managements, training of intelligent networks and
data warehousing. On a general sense, data mining
could be seen as the intersection of several fields such
as statistical modelling, data base management systems
and services, machine learning techniques etc. as
depicted in figure 1.

Fig. 1. Conceptual Illustration of Data Mining
As seen from the above figure, almost all data handling
mechanisms are overlapped on a common data mining
platform which interprets the outputs from each system
into structured formats for further processing and
understanding. Data mining is achieved through several
methodologies like association based techniques [1],
clustering based methods [19], prediction based
techniques [16], decision trees [43], sequential patterns
[18]. A systematic survey of literature keeping a strict
focus towards recent trends in data mining based on
cluster models have been presented in this paper.
A. Big Data:
Evolution of state of art data acquisition techniques
have made data interpretation and consequent analysis
and predictions to be more accurate and precise
however at the cost of increasing volumes of data size.
Big data [29] are characterized by increasing capacity
which could be very well seen in case of a one minute
medium clarity video taking up 10MB of memory with
the same one minute video in high definition taking up
to 150MB of memory utility.
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The first and foremost issue in mining big data lies in
the data source. The data source is may be singular or
collection of information from various sources which
are diverse in nature. They may also be in a
homogenous or heterogeneous [28] environment
necessitating the algorithms used for mining also to be
adaptable in accordance to the data source type. It is to
be noted that irrespective of data volume or variety,
mining is classified into static and dynamic as depicted
in figure 4.

Fig. 2. A High Dimensional Data Model [2]
Figure 2 depicts the plot of a high dimensional data
model visualized using a Plot Viz tool which represents
data from a medical analysis of patients with different
symptoms
and
medical
anomaly conditions.
Considering the criticality of information clarity
obtained from high definition data, big data has evolved
and invoked research interests in large amounts in
recent times. Efficient methods to handle, process,
analyze and store big data are being researched from
time to time [58] [59]. Big data are being generally
characterized by three ‘V’s namely volume, velocity
and variety [3]. They generally do not fit into the
existing conventional data handling architectures like
relational database management systems (RDBMS).
Some of the effective tools for mining big data are
KEEL, SPMF, Rattle, Weka, Orange etc., [4].
B. Issues in Data Mining from Big Data:
A systematic review of literature presents the following
issues observed in mining data from big data. A basic
flow process of a data mining process is illustrated in
figure 3. The input data source which brings about the
inputs are pre processed using suitable techniques [1]
and given to pattern identification block where the
mining process takes place resulting in knowledge
discovery at the output. The outputs are sometimes
referred to as knowledge discovery database (KDD).

Fig. 3. Process Flow of Data Mining
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Fig. 4. Classification of Data Mining
For example, a purely image based data base mining
method will not be able to accommodate the same
extraction method for a pool of video data. The same
applies in the case of a composite data source model.
Hence the developed mining tool or algorithm which
drives it should learn from the data source type and find
a suitable method to handle the data. Prominent
composite data sources may include videos, images, x –
rays, portable format documents, graphics, voice mails,
emails etc., the nature of data in big data systems could
be a composition of both structured and unstructured
components and hence handling these data types
simultaneously poses to be a serious challenge. The
second issue identified from the literature [4] lies in
providing a suitable mining to user interface to improve
the performance of the interpreted data. As depicted in
figure 2, the clarity of the model is quite very poor
which is greatly improved through strong mining tools.
However, post mining process should have a clear and
easily understandable user interface which enables the
end user to understand the output of the mining tool in
the least time possible. The mining tool should be able
to provide appropriate data representation types for
appropriate big data models.
Security [52] has been observed to be an issue of major
concern in implementing an efficient data mining
method since data mining normally extracts information
from the unstructured pool of data into a more
meaningful format which could be easily interpreted by
the user. During this process, it is also to be noted that
the probability of uncovering some vital, confidential
and private information of individuals from the
unstructured format into an understandable format are
quite high thereby violating the confidentiality policies
of the system. Hence the mining algorithm should be
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designed such that it takes care of not disclosing private
and confidential information during the mining process
[53]. Another issue identified as a challenging task in
mining is identification of suitable technique for mining
big data. Conventional intelligence based and machine
learning based methods are available in large numbers
for mining normal data. However, the adaptability of
this algorithm for handling big data usually of the
ranges of tera bytes is quite a questionable and
challenging issue. Literature also presents large number
data reduction techniques like principal component
analysis (PCA) [25] available for reducing the feature
vector dimensions or the data size. This is usually
achieved by removal of redundant information from the
feature vector. However, in case of big data mining, the
question of the pattern or logic behind which certain
information should be excluded for reducing the input
vector size is quite challenging. Elimination of
information from big data without proper learning based
rules or training methods could result in loss of vital
data rendering the mining method to be inefficient [39].
Data mining involves extraction of information from a
pool of input data. In normal real time applications,
expecting that the pool of input data could be in a
centralized place is not possible as the inputs may be
distributed over several places and across several
servers depending on the coverage area. For example, in
case of satellite imagery, the inputs may be obtained
from several sensors from different satellites and stored
in several places distributed over several servers.
Hence, the mining algorithm should be trained to work
on data from distributed platforms.
Time of data mining [40] is finally an essential issue as
handling of big data increases the time consumption in
an exponential manner and hence a time efficient
mining algorithm should be designed considering the
above mentioned constraints.
II.

REVIEW ON CLUSTER BASED MINING
METHODS

Among the different mining methods available, this
review paper concentrates on cluster based methods for
mining of data. Several recent algorithms have been
studied and findings are systematically presented in this
section.
A comprehensive study of literature [13] indicates
several clustering methods categorized into the below
mentioned approaches.
- Hierarchical clustering
- Partition based clustering
- Grid based clustering
- Constraint based clustering
- Machine learning based clustering
- Scalable clustering
- Projection and subspace clustering for big data.
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Hierarchical clustering techniques [5] [31] are based on
clustering tree based approaches and these cluster trees
are called dendrograms and are more suitable for small
sample data sources. They are further broken down into
bottom up and top down approaches with the former
also known as agglomerative and the latter also known
as divisive clustering. Further, the former is found to
merge two or more similar clusters in consecutive
iterations while the latter splits the similar clusters into
more cluster trees. At each cluster stage k-means
clustering [16] has been used. K means clustering
algorithm has been more often found to be exploited for
optimal mining applications in the literature [6] [18]
[20] and works on the objective function of L2 norm
obtained by normalizing the intra cluster distances
specified as
(1)
Where

denotes the centroid of cluster i.

Two major merits of K means being extensively used in
literature is that it allows parallelization and works
effectively irrespective of data order. Several algorithms
have been reported in the literature which has focused
towards modifying existing K means algorithms to
improve the mining efficiency. Two phase clustering
methods [12] have been experimented in the literature
where the first phase deals with computation of clusters
in a systematic approach to generate clusters with
preciseness. A ranking based K means algorithm [8] has
been found to improve the speed of mining when
compared to the existing cluster based K means which
makes it ideal to be used for big data schemes.
Experimental results indicate 476s time consumption
for mining of up to 500 records using the ranking
method with a 487s reported for the same record
number using clustering with conventional K means.
An improvement [14] in time response and reduction of
complexity for mining has been achieved using
computation of uniform data points in addition to K
means clustering application to the mining system. A
threefold algorithm have been presented in the literature
[22] which addresses the issues of deciding upon the
optimal number of clusters and removal of dead limit
[21], reduction of computational and time complexity.
Grid based methods [32] have also been experimented
in the literature by building a set of grid cells followed
by computation of cell density. The cells below a
predetermined threshold are eliminated. Based on
minimizing an objective function, a cluster is created
with adjacent similar groups. Sting and Clique
algorithms [33] are prominently used in grid based
clustering. From studies in the literature it is observed
that STING is a query independent approach and
parallelization is quite infeasible. On the other hand,
CLIQUE algorithms permit cluster formations of any
arbitrary shapes and generate clusters from dense
subspaces [34] [35] with apriori approach. Partition
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based approach have also been extensively researched
in the literature [38] [39] where a set of p partitions are
created initially followed by movement of objects from
one group to another through an iterative relocation
technique. The iterative relocation technique once again
is found to K means, Fuzzy C means and K medoids
[40].For big data, sampling using CLARA (clustering
large applications) have been utilized along with K
medoids in a hybrid combination to address scalability
due to increasing data size. Advantage of K medoids
observed in experimental findings from literature [41]
indicates that they have a least computation time as the
calculation of distance between pairs occurs only once
unlike their K means clustering counterparts [22-24].
On the other hand Fuzzy C means comes under the
category of soft computing techniques and works on the
principle of minimization of objective function by
initializing a membership matrix based on the selected
number of clusters. The membership matrices are
updated based on the computed cluster centers and the
process terminates when the computed membership
matrix values become less than a predefined threshold.
Else the algorithm iterates towards minimizing the
membership matrix.

predetermining the clusters [57]. The last of clustering
based method involves projection and sub space
clustering [60] which generates a large number of
clusters and specific algorithms have been developed to
remove the redundant clusters based on rough set theory
to establish apriori property in the elimination process
[61]. Evolutionary approaches [23] [29] [42] [62]
include nature inspired algorithms or bio inspired
algorithm like particle swarm optimization (PSO) [67],
Ant colony optimization (ACO) and simulated
annealing techniques [63] etc.

Constraint based clustering algorithms [47] work on
computing an initial solution dependent on some user
defined constraints like constraints on individual
objects, obstacle objects, clustering parameters etc.,
[48]. Machine learning based methods are quite
extensively found in the literature [44] in the form of
artificial neural networks [49] through extraction of
symbolic rules technique which is a modification of
existing ANN algorithm. More precision and accuracy
have been observed in the experimental results using a
four stage ANN training through a back propagation
training rule. Also literature indicates that the
conventional rule based ANN methods are not that
precise in their clustering outputs and are also
computationally expensive. A two stage ANN model
found in the literature justifies a noise reduced
clustering output as well as its capability to handle a
range of messy data. Fuzzy based techniques [55] have
been found to be extensively used to address the issues
of privacy and security of mined data corresponding to
confidential information of individuals in the pool of
data. A privacy preserving data mining technique has
been used in the research works in the literature with
the attributes being converted into fuzzy or crisp values
to preserve confidentiality of information [15] [54].
Genetic based algorithms [56] have also been
investigated in the literature in a hybrid combination
with K means clustering to find global optimal
partitions of given data into clusters. Experimental
analysis indicates that GA based techniques produce
precise mining outputs with low intra cluster and high
inter cluster distances and overcome the drawbacks of
conventional K means clustering techniques of settling
of a sub optimal solution and the need for

SNR is used in data compression, and precision and
recall are used in text-based information mining. Good
metrics will lead the technique in the correct direction
while bad ones may mislead the research effort.
Currently, some image mining systems measure
performance based on the “cost/time” to find the right
matches. Others evaluate performance using precision
and recall, terms borrowed from text-based retrieval.
Although these criteria measure the system’s
performance to some extent, they are far from
satisfactory. One major reason causing the difficulty of
defining a good evaluation criterion is the perception
subjectivity of data source content. Since, it is
essentially a detection based problem, the conventional
efficiency parameters like True Positive (TP), True
Negative (TN), False Positive (FP) and False Negative
(FN) are used to describe Precision, Recall and
accuracy of the retrieval system.
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Other recent techniques towards handling big data with
mining information from them include Hadoop [64]
which is a open source fault tolerant system for big data
storage and processing. It effectively handles the
problem of distributed computing through Map Reduce
[65 – 66] and tools like Hive, Mahout and Pig are used
for handling the heterogeneous nature of data source.
Map Reduce works on a clustering scheme and capable
of processing large volumes of data on a parallel and
distributed approach through two functions map and
reduce.
III.

REVIEW OF EVALUATION METRICS

(2)
(3)
(4)
IV.

CONCLUSION

A comprehensive review of cluster based mining
algorithms for big data have been extensively presented
in this review article. Big data is an evolving
technology being implemented in cloud networks for
access by clients on a global basis at any given point of
time and anywhere in the globe. However, due to the
large volumes of data which is characteristic of big data

International Journal of Electrical Electronics & Computer Science Engineering
Volume 5, Issue 1 (February, 2018) | E-ISSN : 2348-2273 | P-ISSN : 2454-1222
Available Online at www.ijeecse.com
systems which obtain inputs from multiple systems or
sensors, their storage is done either in a centralized
method or distributed method in a unreadable or
unstructured format. Hence, data mining tools are
effectively employed to transform these unstructured or
unreadable formats of data which may be composite in
nature to structured languages which could be easily
interpreted by the end user even on a preliminary visual
inspection. Unlike conventional data mining algorithms
for normal data, big data mining algorithms have to be
systematically framed and built with several constraints
and bounds being considered before mining the
information. This review has investigate the literature in
a broad and exhaustive manner and findings presented
systematically in various sections with special emphasis
on cluster based techniques due to their noticeable
merits and simplicity in computational construction and
complexity. A brief overview of evolutionary
computing methods for effectively mining data from
composite data sources has also been presented with
final conclusions given with a list of evaluation metrics
needed to quantify the efficiency of the mining
algorithm. These findings could be really effective in
identifying research formulations or refining the
problem objective for future scope of research in these
avenues.
V.
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