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Abstract: Managing a large number of textual documentsis a
critical and significant task and supports many applications
ranging from information retrieval to clustering search engine
results. Marathi is one of the oldest of the regional languagesin
the Indo-Aryan language family, dating from about AD 1000.
Abundance of Marathi literature has generated a big corpus and
need of summarization of information. The objective of this study
is to overcome the scalability problem while managing the
documents and summarize the Marathi corpus by extracting
tokens. The work is better in terms of scalability and supports the
consistent quality of cluster for incremental data set. Most of the
past and contemporary research works have targeted English
corpus document management. Marathi corpus has been mostly
exploited by the researchers for exploring stemming,
single-document summarization and classifier design on Marathi
corpus. Implementing unsupervised learning on the Marathi
corpus for summarization of multiple documents through Word
Cloud is still an untouched area. Technically speaking, the
current work isan application of TF-1DF, cosine-based document
similarity measures and cluster dendrograms, in addition to
various other Natural Language Processing (NLP) activities.
Entropy and precision are used to evaluate the experiments
carried on different datasets and results prove the robustness of
the proposed approach for Marathi Corpus.

Keywords: Classification, Clustering, Document Management,
Marathi, Summarization, Word Cloud.

I.  INTRODUCTION

In online and offline systems, documents are continuously
generated, stored, and accessed every day in large volumes.
Categorizing documents according to the contents present in
it will help to retrieve documents based on a particular topic
[41-43]. The maximum work is done in document
management focuses on English corpus, but text in Marathi
on the web has come of age since the advent of Unicode
standards in Indic languages. information technology
generated huge data on the internet [44]. Initialy thisdatais
mainly in English language so majority of data mining
research work is on the English text documents. As the
internet usage increased, data in other languages like
Marathi, Tamil, Telugu and Punjabi etc. increased on the
internet. Similarly, in case of India, Maharashtra,Gujarat and
Tamil Nadu are highly industrialized states. Mumbai being
the financia capital has its administrational work going on
only in Marathi. Also, the largest recent indigenous empire of
Indiawas the Maratha empire.
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The literature of Maratha empire is present in Marathi
[1].Very few researchers have focused on Marathi text
clustering, classification, but none of them have evaluated
results of clustering in terms of its compactness or purity [2].
Various data mining techniques like clustering, classification
can be applied once the data is in a structured format.
Document term matrix (DTM) allows to convert text files
into table form, where rows are represented by documents
and terms are placed as columns [45-47]. But DTM causes
dimension curse because all the terms present in the corpus
are considered while constructing DTM. Term
Frequency—Inverse Document Frequency (TF-IDF) alows
selecting significant terms based on the token weights of
terms. The cosine similarity measure is a prerequisite for
applying the hierarchical algorithm on documents [48-51].
Oncethe clusters are formed they can be summarized through
a word cloud. Word clouds enables to visualize and
understand the text information in an easy way It represents
the words from higher to lower frequency from big to the
small font size. It’s a way of text summarization [3]. The
proposed approach imitates removal stop words and finds out
top N frequent terms using TF-IDF weights. The N value is
called a threshold which is 50 % of maximum TF-IDF
weight. It effectively removes al unuseful words.
Considering these keywords, cosine similarity measure and
hierarchical clustering are applied to get document clusters.
Entropy is used to validate cluster quality and in turn,
N-value. The dataset having predefined classes are used to
decide the precision of the experimental setup. Proving the
betterment of the technique, it is applied to the live dataset.
Once the clusters are formed, the word cloud is applied to
summarize the clusters. The approach is unigque because

1. Multi-document Word Cloud based Summarization
through Unsupervised Learning and its performance
analysis on Marathi corpusis an untouched topic.

2. Various applications, for example, information retrieval
will benefit from the proposed approach by saving time
and effort required to read and manage an entire corpus.

3. The approach can process 300 documents having more
than 15000 words and hence proves betterment in
scalability.

4. Entropy is consistent even for large data size.

Document Management System (DMS) facilitates to access

the documents in a fast and easy way and turn increases the

productivity of the work [52-53].

Grouping of documents is one of the most important steps

towards document management, which helps in identifying

replicas of documents, clustering search engine results, and
so on [54-55]. There are different document management
systems existing for English corpus, DMSfor Marathi corpus
though significant, is not explored yet. In the paper terms,
dimensions, words and tokens are used as synonyms,
interchangeably.
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The organization of the paper isas mentioned. Thework done
by other researcherson the topic is presented as a background
in the next that is second section. The third section presents
the methodology, along with the experimental setup and
results. The paper ends with the fourth section that is the
conclusion and future directions.

[I.  LITERATURE REVIEW

This section illustrates existing techniques of text
preprocessing, text stemming, summarization, word cloud
and so on.

For text analysis of Indian languages, Punjabi has been
explored through stop words identification [22] and
categorization [23] aswell as poetry corpus creation [24] and
classification [25-26]. Gujarati has been, similarly explored
through diacritic extraction technique [27], information
retrieval  [28], stop words identification [29] and
categorization [30], Machine Trandation System (MTS)
[31-32] and classification [33]. Sanskrit has been explored
through stop word generation [34] and anaysis [35],
bilingual dictionary [36], constituency mapper [37],
lemmatizer development [38] and comparison of its
morphological analyzers[39]. Hindi text analysis of poetry
was presented through an automated system for generation of
metadata [40]. Extracting an original word from token is
termed as stemming. It is the type of preprocessing and
improves the performance of the algorithm to be used NLP
tasks. [2]. The stemming problem has been addressed in
many contexts, and by researchers in many disciplines, the
main purpose of stemming isto reduce different grammatical
forms/word forms to its root form. Stemming is widely used
in an Information Retrieval system and reduces the size of the
index files. The goal of stemming is to reduce inflectional
forms and sometimes derivationally related forms of a word
to a common base form. Stemming is used in information
retrieval systems to improve performance. Additionally, this
operation reduces the number of terms in an information
retrieval system, thus decreasing the size of the index files.
Different stemming agorithms for non-Indian and Indian
language, methods of stemming, accuracy, and errors are
explained [3]. Authors have created intelligent system to get
desired documentsin Marathi language. The approach allows
user specific documents to be retrived which are based on
their persona interest [4].Most of stemming algorithms are
based on a rule-based approach. The performance of a
rule-based stemmer is superior to some well-known methods
like brute force. Dictionary-based agorithms, including
natural language processing approaches, are used to build
stemmers. The purpose of stemmersisto encode awide range
of language related rules evolved across a period. Such
stemmers with comprehensive rules are |anguage-dependent.
Marathi is a morphologically rich language. Abstracting of
the document and presenting it to the user is achieved through
text summarization, it extracts the significant information
from the given text. Manual summarization of the document
is costly in terms of time, efforts, etc. Automatic Text
summarization is a more accurate way than manual
summarization. A deeper analysis of the text needs to carry
out summarization[5] [6]. Hierarchical document clustering
Generally, clustering is preferred to group the similar type of
documents and multiple algorithms are suggested by various
researchers. For retrieving documents in a clustered manner,
Hierarchical techniques are being used. There are various
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kinds of distance measures listed by several researchers for
hierarchical clustering that are asinglelink, averagelink, etc.
[7].

The textua data is accumulating and increasing
tremendoudly. Different types of reviews, webpages, etc. are
examples of text data. Documents are used to store this
information. To apply any clustering techniques the data
should be in the tabular form. Various techniques are
availableto store such types of datafor example bag of words
[8]. But it creates dimension curse, as al termsin the corpus
are considered. High dimensions affect the performance of
the algorithm. To reduce high dimensions, only significant
words need to be considered. The document clustering
process will execute in less time if the top significant words
are selected.

Toimprovethe clustering process, thetext is preprocessed by
removing stop words, etc. [9-10]. Generaly (TF-IDF) is a
popularly used technique that transformstext datainto matrix
form. The measure represents the significance of the token
with respect to text documents considering the entire corpus.
In document processing, it actsas aweighting unit. In spite of
increasing word count proportional to the number of
documents in which it is present, The TF-IDF ignores the
most commonly occurring words, by offsetting count of the
words in the entire corpus [11]. Entropy and precision are
popularly used parameters to evaluate clustering. To validate
the purity of the clustering results, entropy is used and the
accuracy of the clusters is measured by precision. Word
Cloud

To represent the textual data graphicaly in the form of
words, Word clouds are used. The words with higher
frequency appear prominent. The font size reduces as the
word count lowers. It’s very easy to understand and interpret
theword cloud [12]. Word cloud isreferred to asasimple and
effective visualization and summarization technique. It helps
in the domain of text mining, visualization techniques and
contextual data. A word cloud can be effectively used for
focusing on the needs and problems of customersand in turn,
to increase the business without reading the text. Research
scholars can use word cloud for interpretation of qualitative
data in a faster manner [13-14]. User comments entered on
social media about service/product, or political party can be
analyzed through word cloud, and the overall essence of the
product or service can be understood without going through
comments and thus to save time and effort [15-17].

Word cloud on Marathi text is not attempted yet. It will be
benefited to the people who prefer to use their regional
language for doing day to day activities like reading news
articles, summarizing government documents and so on
[18-20].

1.  PROPOSED METHODOLOGY

Corpus containing Marathi Text is processed to remove the
stop words, TF-IDF is used on a set of documents, and to
weight is calculated. Terms having a weight greater than or
equal to the threshold are considered and termed as modified
TF-IDF and followed by computing cosine measure
similarity matrix. The dendrogram is constructed using single
link hierarchical clustering applied to get the clusters.”
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Entropy and precision are calculated to validate the
experiment, and the word cloud is created for each cluster to
summarize the cluster. Figure 2A depicts the flow chart of
proposed method

3.1 Creating a corpusof Marathi text

The dataset consisting of 300 storiesis created by collecting
different stories belonging to different domains. To avoid
bias, stories are collected from different websites. The
sourced stories are uploaded from years between 2000-2019.
[ http://marathi.webdunia.com.][ https.//www.britannica.com/
art/Marathi-literature] [ https://

www.marathisahityadarpan.in] The dataset is created in
Excel having a mixture of stories. The encoding="UTF-8" is
used to store data.

3.2Clustering of the corpus using unsupervised learning
technique and evaluation

The corpus is tokenized to get a bag of words and
preprocessed to remove stop words like P (jo) or (that),
“q (te) or (it) [12] and so on. Lemmatization is purposely
avoided in the pre-processing to preserve the semantics of
words. TF-IDF is applied to calculate the weight of each
term. Instead of applying stemming, the top N terms are
selected for further processing. N value depends on the
maximum TF-IDF weight and TF-IDF weights of all other
terms. To select the terms, modified TF-IDF weights are
used. The cosine similarity measure between documents is
calculated to generate a dendrogram. The algorithm is
implemented on the corpus of storiesand reviews. The stories
are clustered and each cluster representsthe topic of the story.
Figure 1 shows the block diagram of a proposed technique.
Reviews are clustered based on sentiments present in it. For
example, for a sample statement from the story, POS tagging
and its stemming is depicted in Figure 2. Table 1 shows the
algorithm with package details.
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from nltk.corpus import indian

from cltk tckemze sentence muort TckemzeSenteuce

tokenizer = TokenizeSentence

sen(en:e = "TH we NH T um N\Rll{”rﬂ I SIS TR Sau”
tokenized_sentence = tokenizer. tokenize(sentence)
print(tokenized_sentence)

Figure. 2: Output in theform of stemming of tokensand
POStagging

Apply
Datas: tand Frepocessing, TF-IDF
Collectio andcosine  [™|
measures

Figure 2A: Flow chart of proposed method

Apply HAC || Evaluate HAC P Generate Wordcloud

Table 1 Algorithm with package details

than threshold

Step Step Description Library/Package/Function
No.
Text preprocessing of stories NLTK , Indian corpus
2 Term weights are calculated DocumentTermMatrix_tfidf
3 Select terms having token weights greater User defined function to select the terms,

document_term_matrix(dtm_threshold)

4 Cadlculate cosine similarity matrix and Apply
hierarchical agglomerative clustering

User-defined function to calculate cosine similarity and
hclust(dist.mat)

5 Validation of clustering process

Package Entropy

6 Apply word cloud for each cluster to
summarize the cluster

Package WordCloud

Generated dendrogram after applying steps mentioned in
table 1 categorizes stories based upon the contents of the
story. Entropy values are stated in Table 2 proves that the
purity of the cluster is consistent for an incremental dataset
that isfrom 10 storiesto 100 stories. It means that stories

belonging to the same topic are grouped. One story
belongs to nearly about 150 to 200 words, including
stopwords and other unuseful words. Significant token
selection using modified TF-IDF attempts to have
appropriate clusters of stories.
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Figure 3 shows the dendrogram for 60 stories. The purposeis
to extract stories of a particular topic. These are the mora
stories used to inculcate ethics in children. These stories
contain belonging to different domainslike “Vikram Vetal”,
“Panchatantra” and so on. There are two clusters representing
two sets of stories.
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Table 2 represents Entropy values for an incremental dataset
of stories along with total words, words after removal of stop
words and Top K words based on modified TF-IDF weight.
As there is no standard algorithm, a comparative analysis
couldn’t be performed.

Table 2: Summary of Words

Sr. | Datase | Entrop | Total | Words after | Significa
No | tSize y Word | preprocess | nt Words
. S ng using

modified
TF-IDF
1 15 0.12 1990 1500 500
2 30 0.23 | 5244 2789 800
3 50 0.33 | 8242 4,212 1000
4 100 0.66 1828 8,213 3000
2
Table 3: Entropy Comparison
Sr. | Documents Entropy
No. FKM | KM | HAC
1 10 0.11 | 0.14 | 0.12
2 50 0.14 | 0.23| 0.33
3 100 0.15 | 0.31 | 0.66
4 200 0.15 [ 041 | 0.68
5 300 0.16 | 0.55 | 0.68

Dendrogram of agnes(x = Marathi_stories, metric = "manhattan”, stan(
TRUE)

8 10

Height
6

Marathi_stones
Agglomerative Coefficient = 0.51

Figure 3 dendrogram of sixty stories

IV. RESULTSANALYSIS

There is a considerable difference in entropy values of 50
t0100 (0.66-0.33 =0.33) stories than 15 to 30 (0.23-0.12
=0.11). That is difference between the entropy values of 50 to
100 is 0.33 Which is greater than the difference between
entropy values of 15 to 30 documents 0.11. It was decided to
change the algorithm and check the entropy values.

The steps mentioned in Table 1 are carried out on adataset of
reviews using Fuzzy k-means (FKM) and K-means(KM) and
Hierarchica Agglomerative Clustering (HAC) agorithms
and Table 3 presents acomparative analysis of entropy values
produced by three popular clustering techniques. It’s clear
that Fuzzy K-means gives better entropy for incremental data
size that is for 300 documents entropy produced by FKM is
improved by 40 %. Extracting cluster terms shows that
stories are clustered based on characters present in it one
cluster depicts stories of animals, other cluster depicts stories
of human characters and third cluster indicates stories of
human beings along with animals.

Figure 4 shows vector space of significant terms in the
corpus. Figure 5 shows the fuzzy k-means plot applied on a
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dataset of stories, the intersection of two clusters depicts the
stories of animals and human. For example, three sample
sentences existing in the respective clusters of stories are
stated. Sampl e sentence of the story belonging to the clusterl
(only humans) is “Q% %a?zﬁ XTSIT 1ERE?T&"WT'_‘H TS UITT,
UFRTS], AH TS SMATHS IR G- dar,
transliterated as “Eke divasi raja purandaradasanna mhanala,
bhaktaraja, lobha manusyala adhyatmika praptipasuna dura
karato” and translated as “One day the king said to
Purandaras, Bhaktaraja, that greed removes man from
spiritual pursuit”, that of cluster 2 (only animals) is “Udbql

T fomTult T TTea SMftr Te HisT IRd 3dl, dd Th

g e (“Once upon atime there was a donkey and a hen
grazing, there came a lion”)or(“Ekada &ké thikani eka
gadhava ani eka kombada carata asata, t€thé eka sinha ala”)
and sampl e sentence of the story having both charctersthat is

human and animalsis WW@TWWW
UhI ARG ToR Bldl” that is © Drona brahmanachya tya
donhi sundara gayinvara €ka corachi najara hoti” It means “A
thief had a look at those two beautiful cows of Drona

Brahmin”.

<10 1.0 -15 05 <10 10

15 05

TI- ---- -Ea
CoEat \:lg
EEALRA -----
w-mm@-m-m-

-1.0 1.0 -15 05 -1.0 10

Figure 4 : Document representing significant termsin a
vector space Legend

a.The words present diagonally in the matrix: SIRUD Tdd

b. Dots present in matrix : Feature weights of significant
terms

Cluster plot

5
7 My 0P cluster
‘

Dim2 (13.3%)

Dim1 (16.2%)

Figure5 Fuzzy plot of stories data set
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2. Amelia  Walkley, Jatin Nagpal 2015  avalable at
https://www.thinkwithgoogle.com/intl/en-

3.2.2 Summarization of each cluster apac/trends-and-insights/'marathi-matters-digital -age/ on 29/7/2019
. L . 3. Audichya M.A.,, Sani JR., "Computationa Linguistic Proso

Visudlization in the folrm of word cloud leads to fas and Rulebaysed Unified Technique for Autgmatic Metadatg Generation f(g

measurable (words having more frequency are shown in the Marathi Poetry", proceedings of ICAIT-2019, in press, IEEE, USA

big font) representation of the cluster. 4. Burch, M., Lohmann, S, Beck, F., Rodriguez, N., Di Silvestro, L., &

Fig. 6 showsaword cloud generated for one of the clusters of Weiskopf, D. (2014, July). RadCloud: V|sua||2|r_19 multiple texts with
. . o merged word clouds. In 2014 18th International Conference on

QOI’!ES datgset and cqntalns very specific terms related to Information Visualisation (pp. 108-113). IEEE.

stories having both animals and humans. Input to word cloud 5. Chiranjibi Sitaula “Semantic text clustering using enhanced vector

isatoken weight matrix that is formulated by considering the Zplazz mzoc;ilezl using nepali language” GESJ: Computer Science and pp

modified TF-IDF measure. Table 4 shows the sample of - (= L0504 wei, £ Zhou, M. X, & Qu, H. (2010, March).

W0fd$/ tOkPjnS along with  wel ghts, transl_at|on and Context preserving dynamic word cloud visuaization. In 2010 IEEE

trandliteration of words. These words act as an input to the Pacific Visualization Symposium (PacificVis)(pp. 121-128). IEEE.]

word cloud. The highest weight is 20, for the term “YT” 7. Ga&g, Amita & Saini, Jatinderkumar. (2019). A Systematic and
. PO . . Exhaustive Review of Automatic Abstractive Text Summarization for

(Raja) translated as King?, words having TF-IDF weight Marathi Language]
more than 6 , are considered for word cloud. 8. Hanyurwimfura, Damien, Liao Bo, Dennis Njagi, and Jean Paul
Dukuzumuremyi. "A Centroid and Relationship based Clustering for

Organizing." International Journa of Multimedia and Ubiquitous
Engineering 9, no. 3 (2014): 219-234.

9. Heimerl, F.,, Lohmann, S, Lange, S, & Ertl, T. (2014, January). Word
cloud explorer: Text analytics based on word clouds. In 2014 47th
. Hawaii International Conference on System Sciences (pp. 1833-1842).
IEEE]]
% @I 10. Md Shad Akhtar, Asif Ekbal, Pushpak Bhattacharyya, Aspect Based
Figure. 6 Word cloud for a cluster of movie Sentiment Analysis in Marathi: Resource Crestion and Evauation; In

proceedings of the 10th International Conference on L anguage Resource
and Evaluation (LREC 2016); 23-28; Portoroz, Slovenia; 2016

Table 4: A sample of wordsand their weights 11. Mishra, U., & Prakash, C. (2012). MAULIK: an effective stemmer for
Sr.N Wor Feature Trandliteratio Trandati the Marathi language. International Journal on Computer Science and
o. d Weight n on Engineering, 4(5), 711.
1 . B 12. Muhammad Zubair Asghar, Aurangzeb Khan , Shakeel Ahmad ,Fazal
NEl 10 | Raja King Masud Kundi , A review of feature extraction in sentiment analysis,
2 I 9 | rana Forest Journd of Basic and Applied Scientific Research” J. Basic. Appl. Sci.
3 ﬁl_s' - 3 Res., 4(3), pp.181-186, 2014
9 | sinha Lion 13. Ramanathan, Ananthakrishnan, and Durgesh D. Rao. "A lightweight
4 . . .. . stemmer for Marathi." In the Proceedings of EACL. 2003.
14. Rasmussen, E. M. (1992). Clustering agorithms. Information retrieval:
> EUS] 7| zad Tree data structures & algorithms, 419, 442.

15. Saini J.R., Desai A.A., “Identification of Hindi Words Used in

V. CONCLUSION AND FUTURE WORK Pornographic Unsolicited Bulk Emails”, The IUP Journal of Systems
Management, ISSN: 0972-6896, val. 9, issue 2, May 2011, pages 53-60;

The current study achieves the summarization of the clusters ~ 16. Sindhuja, B., & Trivedi, V. (2014). Usage of cosine similarity and term

; ; ; frequency count for textual document clustering. International Journal
of Marathl corpus, unlike the.Other pUbIIShed research quks of Innovative Research in Computer Science & Technology (IJIRCST),
which have focused only on single-document summarization. 2(5), 9-12.

Additionally, the contribution of this study isalsotowork on 17 Thangarasu, M., & Manavalan, R. (2013). A literature review:
the application of unsupervised learning with the Marathi stemming agoritms  for Indian languages. arXiv  preprint
corpus. The formation of the clusters was achieved through aXiv:1308.5423.
the measures of cosine similarity, the summarization of the o iPue S R. Kanthekar, S, Katam, A., Kunte, C., & Kadam, P.
. Y, > (2014, April). Automatic Personalized Marathi Content Generation. In
clusters was achieved through the modified TF-IDF and the 2014 International Conference on Circuits, Systems, Communication
representation was achieved through Word Cloud. This and Information Technology Applications (CSCITA) (pp. 294-299).
roach will ltor hers who n lor |EEE.
approach will be useful to researchers who need to explore /oy, s =, g pory, . A, (2013, Sepemben). Automatic te
. arani Ie_r ure. summarization or the clusier o arathi categorization of Marathi documents using clustering technique.
literature will act as stepstone towards future research and to In2013 15th International Conference on Advanced Computing
understand state of the art in fast and efficient way. Technologies (ICACT) (pp. 1-5). IEEE.].

Experiments are conducted on data set of Marathi moral 20 Dangre, N., Bodke, A, Date, A., Rungta, S, & Pathak, S. S. (2016).
P System for Marathi News Clustering. Procedia Computer Science, 92,

stories. In the absence of any other technique which achieves 1822

document clustering on Marathi corpus, precision and 21 Singh, S., & Siddiqui, T. J. (2012, March). Evaluating effect of context
entropy prove the betterment of the technique. The current window size, stemming and stop word removal on Hindi word sense
work is the first of its kind in the world which employs disambiguation. In2012 International Conference on Information

. . . Retrieval & Knowledge Management (pp. 1-5). |IEEE.
unsupervised learning for Marathi corpus followed by the 5 xar 3 and Sani IR, 2016, "Punjabi Stop Words A Gurmukhi,

summarization of the multi-document clusters. Also, it isthe Shahmukhi and Roman Scripted Chronicle”, proc. of Symposium on
first of its kind work which represents the summarization ACM Women in Research (ACM-WIR-2016), Indore, India, vol.
results through Marathi Word Cloud. 01188, pages 32-37, Availeble online:

http://dl.acm.org/citation.cfm? d=2909073
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