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Abstract—The growing size of data collected from social networking sites, videos, audios, log files,
texts, conversations, documents, medical records, images, tweets, emails, etc have given rise to
various issues, the primary being handling such enormous amount of related data while maintaining
the time and cost of the operation. This huge amount of data is referred to as Big Data and the task of
handling it comes in Big Data Analytics. The various data mining techniques proposed till date serve
as an aid to the problem of efficiently analyzing, visualizing and storing Big Data. The K-means
clustering algorithm, though proposed more than 50-years ago, serves to be an excellent data mining
solution able to cluster this increasing size of data. This paper discusses the various issues
encountered in Big Data Analytics over the years and the relevance of the K-means clustering
algorithm regarding the same.
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I. INTRODUCTION
Big Data refers to the billions and trillions of bytes of information generated from the various
activities of humans, whether in the form of digital form or through interactions via the various
social networking sites or through textual documents in any business firm or records of the patients
all over the world or specifically any area of life which humans are a part of. Around 90% of the
total data the world has today is created in no more than the past 2 years. Why Big Data is an issue of
concern to almost everybody can be felt from the fact that the size of information humans created till
2003 of around 5exabytes (1018 bytes) is reaching equal to the amount generated now by us in just 2
days. 2.72 zettabytes(1021 bytes) of digital information calculated in 2012 is expected to double up
till now [1]. Handling such large data is now a task for almost all big and small companies and
whiles the online and startups are adapting to its size, the technical giants like Google, Facebook, and
LinkedIn etc were built expecting Big Data from the beginning. The question concerning each
business firm is how to efficiently handle this large and continuously increasing Big data.
Big Data, apart from the notion “BIG” has other various factors that make it a hot research
topic for researchers. The data lacks a proper structure and storage, analysis and visualization is still
a daunting task for researchers. Apart from this, the data is highly related to each other and consists
of diverse sources and new data types which make it all the more complex thereby adding to the high
cost and time involved in handling. Handling such data comes in Big Data analytics. Even a small
percent of success in reducing the associated complexity is observed to be a huge benefit for any
firm when calculated on a large scale [2].
The one feasible solution to analyze Big Data is use clustering, a task of exploratory data
mining. Exploring patterns that depict the heterogeneity of data make analysis of data easier.
Clustering aims to “cluster” it or group it in a way that the related data fall in separate clusters
thereby making searching and sorting easy for such data when need arises. There are many clustering
techniques proposed till date, out of which K-means clustering algorithm [3] has proved to be a
workhorse in the direction of efficient data mining The reasons attributing to the popularity of Kmeans [4], even after 50 years of its proposal [5] are the simplicity, scalability and the ease of
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implementing the algorithm. Also, it gives a linear asymptotic time complexity with respect to any
parameter of the clustering problem. This paper provides a brief survey how K-means can be
implemented for Big Data analytics.
II.
K-Means Clustering Algorithm
K-means, proposed by E. Forgy [3] in 1965, is a data clustering algorithm aiming to split the
given data into k-clusters. It starts with randomly partitioning data points into k-clusters with kcentroids. A new partition is generated through assignment of each point to its closest cluster center
or centroid. The third step of the algorithm computes new cluster centers. The assignment step and
the third step are repeated until cluster membership is stabilized. The idea behind the proposal was to
find a partition with the least Squared Sum Error(SSE) between the empirical mean of cluster and the
points that reside in the cluster. Therefore, for K clusters, the SSE can be calculated as
𝐾

𝐽(𝐶 ) = ∑ ∑ ||𝑥𝑖 − 𝜇𝑘 ||2
𝑘=1 𝑥𝑖 ∈𝐶𝑘

Where, 𝑥𝑖 is the data point in cluster 𝐶𝑘 at ith dimension and 𝜇𝑘 is the empirical mean of K-clusters
and ||𝑥𝑖 − 𝜇𝑘 ||2 is the Euclidean distance.
The algorithm has a simple approach to cluster data points, produces scalable results even for large
datasets and is easy to implement and use. The algorithm produces spherical clusters because of the
use of Euclidean Distance metric. However, the algorithm is encountered with a few problems
related to initialization of initial clusters, need of having the prior knowledge of the number of “k”
clusters required, generation of only spherically shaped clusters and convergence of the algorithm to
local minima. Over the years, many research works have been proposed as improvements to the
traditional k-means [3]. The algorithm still produces efficient clustering of large datasets.
Applicability of the algorithm for use in Big data is discussed in the next section.
III. APPLICABILITY OF K-MEANS IN BIG DATA
The k-means clustering algorithm as discussed above suffers from a few challenges that fail
to make it a fully-efficient clustering algorithm for clustering Big Data, the primary being poor
initialization that automatically increases the runtime of the algorithm. Big Data analytics not only
require better performance but also a faster convergence. Arthur and Vassilvitski[6] aimed to
eliminate the initialization issue of the k-means clustering algorithm and proposed a initialization
step different from the conventional k-means algorithm. The first initial center is chosen randomly
from the set of data points X and the remaining cluster centers are chosen from the remaining data
points of the dataset with a D2 weighting scheme in an iterative manner where D is the shortest
distance of a data point from its nearest cluster center chosen by the algorithm. The rest of the
algorithm proceeds according to the conventional k-means. The performance results of the proposed
k-means++ algorithm were observed drastically better than the standard k-means. Their proposal was
one of the first works in this direction. Some other noteworthy similar research works are done by
Bradley and Fayyad [7], Ahmad and Khan [8] and Celebi and Kingravi [9].
Bahmani et al [10] pointed out the sequential nature of the k-means ++ [6] algorithm and the
extra number of passes the iterative algorithm uses to converge, which affects the running time of the
algorithm. A more scalable approach, as proposed by the authors, by the name Scalable k-means ++,
aims to drop down the number of k passes by avoiding the previous criterion of considering every
single data point and rather consider a sample number of data points thereby reducing the passes of
the algorithm. Scalable k-means is therefore, a parallel version of the k-means++ algorithm [6].
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Shindler et al [11] in 2011 used k-means algorithm for streaming data model taking in as
input few portion of the data at a time and continuing sequentially in “phases”, as in a hard disk file
with no random access to data in between. The authors further improve the work by [12] who
proposed running the online facility location algorithm of [13] through “guessing” the optimum cost
of the algorithm and ending a “phase” when the cost exceeds the pre-determined “guess” or the
facilities exceeds some predefined constant “K”. The algorithm [12] proceeds as the k-means
methodology resulting in a large approximation factor and running time. The improvements by
Shindler et al [11] include the removal of unnecessary checks in the previous algorithm, changes in
the end of phase criterion and resultant faster worst-case runtime approximation factor and runtime.
To compensate the heterogeneity of data, Cai et al [14] proposed Multi-view K-means
clustering on Big Data. Multi-view clustering aims to integrate different views of data that depict
different perspectives of the data or the heterogeneous sources the data has arrived from. All the
prior similar works are limited to clustering through the graph based approaches found unable to
handle large scale data. Also, they incur an additional overhead cause by construction of graphs and
eigen decomposition. The authors applied the same to K-means clustering using parallel processing
of data and performing clustering on multi-core processors. The proposed algorithm is robust in
terms of handling outliers and in anyway, does not hamper the performance of the standard k-means
algorithm.
Li et al [15] proposed eliminating the issues of the traditional k-means clustering algorithm
for clustering Big Data. The k-means clustering algorithm, being efficiently able to handle the
increasing size of data brings with it an increased time complexity. Authors proposed optimizing kmeans according to the Hadoop cloud computing platform and MapReduce Framework that allows
distributed and parallel processing of data. The algorithm starts by initialization of the cluster centers
followed by partitioning the dataset into equally sized small data blocks for parallel processing. The
blocks are then exposed to the Map and Reduce tasks that run till the desired clustering results are
achieved. Optimization of the k-means algorithm is also done in terms of initialization of cluster
centers that otherwise cause instability in clustering results.
Feldman et al [16] proposed using coresets of large data instead of using large dataset for
clustering purposes. A coreset can be defined as a subset of the dataset with same properties of the
dataset. Running the clustering algorithm on a coreset helps in cutting down the query processing
time though satisfying the exact constraints and optimality definitions as used by the dataset. The
proposal relaxes the knowledge boundations of the previous algorithms of knowing the number of
data points and the dimensions in advance and is limited to taking them in increasing order for each
new inserted value. Using the merge and reduce paradigms, the k-means, PCA and projected
clustering are made into parallel streaming clustering algorithms.
Eren et al [17] in 2015 proposed using K-means for extracting information from a “Reality
Commons” dataset of the MIT Human Dynamics Laboratory consisting of information regarding the
various communities with around 100 people in each community. The dataset contains data about the
various activities a student’s life revolves around in a dormitory. The purpose of the proposal is to
deduce how students’ eating habits relate to them getting cold. For the vast dataset considered, a
parallel partitioning technique, Map Reduce is used on the popular Apache Hadoop framework.
IV. CONCLUSION
Big Data is a topic of great relevance in almost every field. Apart from the three V’s of
Volume, Velocity and Variety, the term lacks a proper structure and an increased complexity in
handling such enormous data size. Data mining allows studying patterns of data to further allow
processing on it. Efficiently clustering the increasing size of data to analyze, store, query, transfer
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and search for it at any time instance can be done through the various clustering techniques proposed
till date. Among all, the k-means clustering algorithm because of simplicity, ease of use, coping
ability to cluster increasing size of data through both sequential and parallel approach make it a
perfect solution for the Big Data clustering problem. This paper provides a brief overview of some of
the noteworthy research works in this direction.
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