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Abstract: Data mining techniques and algorithms worked excellently with small datasets. Data mining algorithms 

analysed bulk data to identify trends and draw conclusions. But most data mining tool is not efficient to process very large 

dataset which is the case in big data. They are not able to give quick outcomes in quick time, unless the computational 

tasks are run on multiple machines distributed over cloud. For process large volume of data like big data, Hadoop has 

adopted a new set of library for machine learning called Mahout. 

 

This paper deals with the clustering algorithms with the help of mahout library in Hadoop MapReduce environment. 

The real-world healthcare dataset is used which is quite large in size. The three clustering algorithms used are canopy 

clustering, K-Means clustering and fuzzy K-Means clustering. 
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I. INTRODUCTION 

 

Healthcare organizations are generating a huge 

tsunami of data which requires efficient tools to analyse it 

and get useful information and patterns out of it. However 

the use of this data to the best of its abilities however 

remains a dream. By adopting the right analytics solution, 

healthcare providers can make better and more meaningful 

decisions based on evidence and insights derived from their 

data. Big data analytics can be good to analyse big data and 
improve results by applying advanced analytical techniques 

and discover hidden insights [1]. 

 

For process large volume of data like big data, Hadoop 

has adopted a new set of library for machine learning called 

Mahout. Mahout allows breaking down a computation task 

into multiple segments and run each segment on a different 

machine. Mahout is an open-source library that usually runs 

coupled with the Hadoop infrastructure to manage huge 

volumes of data efficiently. 

 

 Mahout 
Apache Mahout [2] is an open-source project that is 

primarily used for creating scalable machine learning 

algorithms for handling large datasets. It runs on Hadoop, 

using the MapReduce paradigm. Mahout requires Java 7 or 

above to be installed, and also needs a Hadoop, Spark, H2O, 

or Flink platform for distributed processing Machine 

learning is a discipline of artificial intelligence that enables 

systems to learn based on data alone, continuously 

improving performance as more data is processed. Mahout 

offers the coder a ready-to-use framework for doing data 

mining tasks on large volumes of data. While Mahout has 

only been around for a few years, it has established its place 

in the field of machine learning technologies. Popular 

organizations such as LinkedIn, Twitter, Foursquare, Adobe, 

Facebook, and Yahoo use Mahout internally. Foursquare 

helps individual to find out places, food, and entertainment 

available in a particular area. It uses the recommender 
engine of Mahout. Twitter uses Mahout for user interest 

modelling. Yahoo! uses Mahout for pattern mining. There 

are many machine learning algorithms that are exposed by 

Mahout. Collaborative Filtering has Item-based 

Collaborative Filtering,Matrix Factorization with 

Alternating Least Squares, Matrix Factorization with 

Alternating Least Squares on Implicit Feedback. 

Classification can be implemented using Naive Bayes, 

Complementary Naive Bayes, Random Forest. Clustering 

has five algorithms Canopy Clustering, k-Means Clustering, 

Fuzzy k-Means, Streaming k-Means. Dimensionality 

Reduction is implemented using Lanczos Algorithm, 
Stochastic SVD, principal Component Analysis. And other 

machine learning algorithms like Frequent Pattern Matching 

foe association, spectral clustering, and row similarity job to 

name a few. 
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 Clustering 

A cluster refers to a small group of objects [3]. 
Clustering means grouping any forms of data like text files, 

into characteristically similar groups. In other words, 

clustering distributes data points into homogeneous clusters, 

such that the points in the same group are as related as 

possible, while those in different groups are as dissimilar as 

possible. When a collection of points is given, they are 

divided into groups based on similarity criterion. 

 

Good clustering techniques will produce a good or a 

high-quality cluster [4]. Clustering groups data instances 

into subsets in such a manner that similar instances are 
grouped together, while different instances are distributed to 

different groups and these groups are called as clusters. [5]. 

Clustering techniques are used in many fields such as 

market research in image processing for segmentation of 

images and pattern recognition, to discover different groups 

of customers, and in text or document classification for 

information discovery. These techniques are also used in 

outlier detection which means identifying observations that 

do not belong to any cluster in particular, to help in 

identifying fraud in online transactions, etc. 

 

There are three main types of clustering which are 
used in this paper. They are: Canopy clustering, K-Means 

clustering, fuzzy K-Means clustering. 

 

 Canopy Clustering: 

It is a very simple, fast and surprisingly accurate 

method for grouping points into clusters. All points are 

represented as a point in a multidimensional feature space. 

Canopy Clustering is often used as an initial step in more 

rigorous clustering techniques, such as K-Means Clustering 

to use cluster information as random seeds. By getting 

starting with initial clustering points, the distance 
measurements can be significantly reduced by ignoring 

points outside of the initial canopies. The algorithm uses a 

fast approximate distance metric and two distance thresholds 

t1 and t2 for processing where t1>t2. 

 

The algorithm begins with the data points being 

clustered together. Then it begins to form a new canopy by 

removing one point from the set. If the distance to the first 

point of canopy is less than t1, a new canopy is assigned to 

the point. Further if the distance of point is less than t2 it is 

removed from the original set. The process is repeated until 
there is no data point left in the set to cluster. 

 

 K-Means Clustering: 

It was discovered by Macqueen in 1967, is one of the 

simplest unsupervised learning algorithms that solve the 

well-known clustering problem. K-Means clustering is a 

method of vector quantization, which originally comes from 

signal processing, a popular technique for cluster analysis. 

The purpose of k in K-Means clustering is to divide the data 

into k non-empty subsets. It then assigns each point to a 

specific cluster. Next step is to find the distance of each 

point from the centroid and allot points to the cluster where 

the distance of each point from the centroid is minimum. 

The same process is continued for number of iteration 
specified an d final centroids of the new clusters are formed 

 

 Fuzzy K-Means Clustering: 

Unlike k-Means clustering fuzzy clustering generalizes 

partition clustering methods by allowing a point to be 

partially classified into more than one cluster. In hard 

clustering each point is a member of only one cluster. It is 

much easier to create fuzzy boundaries than it is to settle a 

point for a single cluster. One of the most difficult required 

skills in cluster analysis is to choose the appropriate number 

of clusters for the dataset being processed. The degree of 
fuzziness in a model may be measured by Dunn’s partition 

coefficient which measures how close the fuzzy solution is 

to the corresponding hard solution. This hard solution is 

formed by classifying each point into the cluster which has 

the largest membership value. The procedure is to randomly 

select the number of clusters to be formed according to the 

dataset being used. The centroid is calculated with the help 

of parameters like fuzzy membership, fuzziness parameter 

and data points. The distance of each point is calculated 

from the centroid and the value of membership parameter is 

updated accordingly. The process is repeated until a constant 

value is obtained for the membership parameter. 
 

II. LITERATURE REVIEW 

 

Dr. Venkateswara Reddy Eluri [6] et al used three 

clustering algorithms on mahout namely K-means, Fuzzy K-

Means (FKM) and Canopy clustering and compared them. 

The result showed that K-Means clustering algorithm is 

suitable for globular data set but not for non globular data 

set and also concluded that identifying the number of 

clusters initially is difficult for big data set. Fatos Xhafa [7] 

et al analysed the performance of clustering algorithms of 
Apache Mahout using a Twitter streaming dataset under a 

Hadoop MapReduce cluster infrastructure according to 

various evaluation criteria. It was observed that significant 

reduction in processing time can be achieved for clustering 

algorithms executed on Hadoop MapReduce. Van-Dai Ta 

[8] et al proposed a generic architecture for big data 

healthcare analytic by using open sources, including 

Hadoop, Apache Storm, Kafka and NoSQL Cassandra. For 

future more power tools for data analytics such as machine 

learning are recommended to gain efficiency. Rui Máximo 

Esteves and Chunming Rong [9] compared k-means and 
fuzzy c-means for clustering a noisy realistic and big dataset 

using a free cloud computing solution Apache Mahout/ 

Hadoop and Wikipedia’s latest articles. It was observed that 

in a noisy dataset, fuzzy c-means can lead to worse cluster 

quality than k-means and the execution times of both 

algorithms have high variances according to the initial 

seeding. It was also found that that Mahout is a promise 

clustering technology but the pre-processing tools are not 

developed enough for an efficient dimensionality reduction. 

Ahmad Al-Khoder, Hazar Harmouch [10] compared four 

data mining tools by using three classifier algorithms 

namely Naïve Bayes (NB), Decision Tree (DT), and K 
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Nearest Neighbor (KNN). Tools are compared against five 

criteria namely: platform, input/output formats, 
performance, visualization, popularity, structure and 

development. Following observations were highlighted: R 

seems to support wider range of input/output formats, and 

visualization types. WEKA was the best tool to run the 

selected classifiers followed by R, RapidMiner, and finally 

KNIME. Hoda A. Abdel Hafez [11] reviewed big data 

mining, its challenges, different techniques and open sources 

tools for handling large data sets. A discussion was made to 

implement all these to telecommunication and the benefits 

and opportunities gained from them. Amineh Amini [12] et 

al overviewed the density-based data stream clustering 
algorithms and the evaluation metrics. Many research 

directions were highlighted. Such as developing clustering 

algorithms with fewer parameters and can handle various 

types of data streams such as categorical or uncertain data, 

making hybrid of different algorithms, evaluating algorithm 

on real life datasets. Olga Kurasova [13] et al. analysed 

challenges and problems of big data clustering with brief 

discussions of clustering algorithms and methods. Pritika 

Talwar [14] et.al. reviewed various clustering algorithms 

addressing different data types and objectives. The wide 

range applications of clustering were explored including the 

challenges. A.A. Wani [15] analyzed the strengths and 

limitations of five primary clustering algorithms. The paper 
highlighted the area where the future efforts to be put and 

suggestions for integration with emerging technologies like 

deep learning and quantum computing. 

 

III. RESULTS AND ANALYSIS 

 

Data mining techniques works perfectly when the size 

of data is small. But now data is money and every 

organization is generating and using it in abundance. It has 

been observed that Weka cannot handle very large datasets 

because it supports only sequential single node execution 
[16]. Hence, the size of datasets and processing tasks that 

Weka can handle within its existing environment is limited 

both by the amount of memory in a single node and by 

sequential execution. To overcome this limitation and for 

handling large datasets, parallel and distributed computing- 

based systems and technologies are required. Hadoop based 

technologies and associated libraries are the most popular 

solution for handling large datasets. Figure 1 show the error 

message when the large dataset is processed in Weka 

explorer environment and suggested to increase the memory 

with usage of Simple CLI. 

 

 
Fig 1 Error Message of Weka Explorer for Big Data [14] 

 

Even after using Simple CLI as suggested in error 

message, Weka could not process the data as shown in 

figure 2. One of reasons could be that many data mining 

tools load complete data into RAM to analyse it. Hadoop 

framework gives the privilege to store the data in its 

distributed file system called HDFS. 
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Fig 2 Error Message of Weka Simple CLI [14] 

 

 Experimental Setup 

The dataset collected are pdf files from various online 

sites of hospitals like AIIMS [17], TMC [18], Fortis [19], 

Apollo [20] to name a few. The annual report generated by 

various hospitals in India for last ten years is downloaded. 

The pdf files are converted into text files so that it can be 

converted into sequential file which is understood by 

Mahout. 
 

The data collected is large in size so it is stored in 

HDFS with distributed multimode Hadoop cluster. Hadoop 

distributive cluster setup is acquired to increase the 

scalability of the architecture. Five computers are connected 

to each other amongst which one acts as master and other 

four as slaves. The master node contains the name node 

which comprises of job tracker in order to assign tasks to the 

data nodes whereas slave nodes consist of the Datanode 

where the actual data is stored and task tracker in each 

Datanode takes care of it. The software configuration of 
computers connected in the cluster is as follow: 64-bit 

computers with 4 GB RAM, 1TB hard disk, operating 

system Ubuntu, Core i3 processors. 

 

 Poppler-Utils [21] of Ubuntu is Used for the Conversion 

of Pdf File into Text File Format Using Command: 

 

 Sudopdftotext<Pdf_File><Text_File> 
The text file is to be converted into sequence file 

format which can be processed by Mahout. Mahout provides 

a utility to convert given input file into a sequence file 

format. The syntaxfor conversion is: 

 

 Seqdirectory –I<Input_File> -O <Ouput_File> -Ow –

Method <Mapreduce> -Chunk <Chunk Size> 

The parameter input_file is the directory where the 

input files are stored that the text files. The other parameter 

output_file is the path to output file directory where the 

sequence file will be generated. –ow signifies to overwrite 

the file if it is already created. The sequence file will consist 
of Part-r-00000 file. This file is further to be converted into 

vector form. To generate vector files from sequence file 
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format, Mahout provides the seq2sparse utility. The syntax 
is as: 

 

 Seq2sparse –I<Input_File> -O <Output_File> -A 

<Analyzername> -Wt<Weight_Name> -

Chunk<Chunk_Size> 

Here the Input_file denotes the filepath to sequence 

directory and output_file denotes the path where the vector 

file is to be stored. The weight_name is usually tf or tfidf 
format. Format selected is tdidf for this work. Chunk size is 

specified in MB. The output generated from this command 

is a vector directory, a dictionary file, frequency file, 

wordcount directory as shown in figure 3 below. 

 

 

 

 

 
Fig 3 Conversion of Sequence File to Vector Files 

 

The dictionary. file-0 file contains the mapping 

between a term and its integer ID, and the other folders are 

intermediate folders generated during the vectorization 

process. TF-IDF stands for term frequency-inverse 
document frequency. The number of times a term occurs in 

a document is called its term frequency. Term frequency is 

calculated as the ratio of the number of times the word 

occurs in the document to the total number of words in the 

document. tf*idf is a multiplication of tf and idf where idf is 

the inverse document frequency which is the log of the ratio 

of total number of documents and number of documents 

containing the term. 

 

 Analysis 

As already described above canopy clustering is a 
simple and fast technique used by Mahout for clustering 

purpose. This clustering algorithm is often used as an initial 

step in other clustering techniques such as k-means 

clustering. After converting the data into required vector 

form each mapper perform canopy clustering on data and 

output its canopy centers. The task of reduces is to cluster 

the canopy centers to produce the final canopy centers. At 

the end final canopies are produced with relevant points 

associated with them. The mahout command for canopy 

clustering is as follows: 
 

 Canopy –I<Input_File> -O<Output_File> -T1<Value> 

-T2<Value> -Dm<Distance_Measure> -Cl 

Here input_file is the path to tfidf-vector file and 

output_file is the directory path where the cluster 

information and cluster points is to be stored. The distance 

measure used in for clustering is Euclidean distance 

measure. 

 

After the dumping the cluster into clusterdump utility 

of mahout certain information can be obtained as shown in 
in figure 4 below. The number of clusters formed by canopy 

is 32 with intra cluster density of 0.0. The cluster 

information can also be fed to other clustering algorithms to 

act as random seeds. 
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Fig 4 Cluster Evaluation of Canopy Clustering 

 

Two Cases are formed to implement k_Means 

clustering: First case takes clusters formed by canopy 

algorithm as initial random seeds for cluster formation. 

Second case takes k value. The k in k-means clustering 

algorithm represents the number of clusters the data is to be 

divided into. Here the number of clusters chosen are 10 with 
maximum iteration of 10. There are several algorithms for 

the distance measure and the one adopted here is Euclidean 

Distance measure. K-means clustering job uses vector 

directory as input, clusters directory, distance measure, 

maximum number of iterations to be carried out, and an 

integer value representing the number of clusters the input 

data is to be divided into. The utility provided by mahout for 

K-Means clustering is kmeans which is used as: 

 

 Kmeans –I<Input_File> -O <Output_File> -

C<Cluster_File> -Dm<Distance_Measure> -

X<Value>-K <Value>-Cl 

Here the input is the vector tfidf directory path, out I 

sthe path to directory where the clusterpoints and clusters 

are to be stored. X is the maximum number of iteration to be 
performed to calculate cluster centroids. C argument takes 

the empty directory to generate random seeds if number of 

clusters is provided otherwise the cluster directory created 

by canopy algorithm. Figure 5 shows the output of 

clusterdump for K-Means clustering using canopy 

clusterpoints as initial random seeds. Total 32 clusters are 

created by the algorithm with intra cluster density of 0 and 

CDbw separation of 0.0 approximately. 
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Fig 5 Cluster Information of K-Means Clustering with Canopy 

 

Figure 6 shows the cluster information of K-Means clustering where k value is set to 10. Ten clusters are formed with inter 

cluster density of 0.54, intra cluster density of 0.59 and CDbw separation of 14435 approx. 

 

 
Fig 6 K-Means Clustering for 10 Clusters. 
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Fuzzy clustering is a soft clustering algorithm where 
data points belongs to one or more clusters and their 

membership in a particular cluster corresponding to some 

probability.The number of reducer tasks has set equal to the 

map tasks. During each iteration a new file is created which 

contains the modified cluster centers. A map task is run to 

output the points and cluster membership to each cluster as 

final output to a directory named points. The utility provided 

by mahout for fuzzy K-Means Clustering is fkmeans. 

 

 Fkmeans –I<Input> -O<Output> -C<Cluster 

Directory>-M<Fuzziness_Argument>-X<Value> -
K<Value> -Dm<Distance Measure>-E –Cl 

Input is the path to vector directory, output is the path 

to store the output of clustering with information of cluster 

points, fuzziness argument should be greater than one which 
signifies the degree of normalization, -x is the maximum 

number of iteration to be performed on the data, -e signifies 

the property to emit vector to most likely cluster during 

clustering. 

 

Like above two cases are created for fuzzy K-means 

clustering. Figure 7 shows the output of fuzzy kmeans 

clustering after using clusterdump utility of mahout with 

canopy fed as initial clusters. Total 32 clusters are formed. 

The inter cluster density of clusters is 0.39 and intra cluster 

density is 552668 approximately. 
 

 

 

 
Fig 7 Fuzzy K Means Clustering Evaluator Using Canopy 

 
Figure 8 shows the output of clusterdump for fuzzy k means clustering where 10 clusters are formed with inter cluster 

density of 0.64, intra cluster density of 0.64 and CDbw separation of 3384 approximately. 

 

 
Fig 8 Fuzzy K-Means Clustering with 10 Clusters 
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The utility clusterdump of mahout use certain 

arguments in order to show the output of cluster in desired 
format [22]. -i is input (path to job input directory), -o is 

output directory pathname for output which is the path on 

local file system instead of HDFS, -p is the directory 

containing points sequence files that map input vectors to 

their cluster which output the points associated with the 

cluster, and n is the number of top terms to print –of output 

the file in any of three formats i.e. text, CSV or graphml 

file.The output file generated consists of n which is the 

number of elements in the cluster identifier r=[z, …]: is the 

radius of the cluster and the identifier signifying the clusters; 
c=[z, …]:is the centroid of the cluster, with the z’s being the 

weights of the different dimensions. 

 

Table 1 below shows the result of all three clustering 

algorithms and it can be clearly observed that feeding K-

Means clustering and fuzzy K-Means clustering with canopy 

generated clusters is not showing good results as compared 

to the results with lesser number of clusters. 

 

Table 1 Clustering Evaluation Results 

Parameter Canopy K-Means Fuzzy K-Means 

K-I K-II FK-I FK-II 

No. Of Clusters 32 32 10 32 10 

Inter-Cluster Density - - 0.54 0.31 0.64 

Intra-Cluster Density 0 0 0.59 - 0.64 

CDbw Inter-Cluster Density 0 0 0 0 0 

CDbw Intra-Cluster Density - - 0.43 0 0.24 

CDbw Separation 0 0 14435 552668 3384 

 

IV. CONCLUSION AND FUTURE WORK 
 

Healthcare industry is gathering data from all over the 

world in all possible forms. To store and analyze that large 

amount of data is big task if used tradition methods. But big 

data analytics comes here to rescue. Big data analysis if used 

in healthcare can take it to whole other better level. Various 

techniques are used for scaling Big Data to make it 

comprehensible and intelligible. Clustering is one of them. It 

is unsupervised learning which basically works on collection 

of data that is unlabelled and then analysed to identify a 

pattern, so that the data can be grouped together. Thus, 
clustering discovers groups of similar features together. 

 

This paper deals with the real-world data and collects 

annual report generated by various hospitals in India for last 

ten years. It has been observed that data mining techniques 

using tools like Weka are not able to process big data so 

Hadoop is used instead. Hadoop provides a machine 

learning library to process big data efficiently. Three 

clustering techniques namely canopy clustering, K-Means 

clustering and fuzzy means clustering are used for 

evaluating the healthcare data. It has also been observed that 

k-means and fuzzy clustering are not generating good output 
when passed with canopy as initial cluster seed whereas 

performs better if lesser clusters are formed. 

 

For future work the same real-world dataset can be 

treated with other machine learning algorithms to get better 

insights from the data. 
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